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PREFACE TO THE FIRST EDITION. 


|~^URING the past twelve years the Public Health 
Department of Bombay has, under the auspices of 
the Government of Bombay, been giving a six months’ course 
of lectures with a view to making provision for a supply of 
men versed in the theory and practice of sanitation, for 
employment as Inspectors or Health Officers in mofussil 
Municipalities. Students come from aU parts of India and 
Burma. At the end of the course an examinatiou is held and 
certificates are awarded to successful students. Latterly the 
Royal Sanitary Institute, London, offered to co-operate in the 
exammation and grant its certificates to successful candidates. 
The offer was accepted and this arrangement has been in 
force since 1910. 

With a view to improving the sanitary condition of the 
country and securmg the better observance of health 
regulations, the Government of India and the Provincial 
Governments have recently put in force a scheme for the 
improvement of the sanitary services and laid down rules for 
the guidance and instruction of students. 

The lectures and demonstrations given to students of the 
Sanitary Surveyors’ Class by the Officers of the Public Health 
Department, Bombay, have now been elaborated and 
published in the hope that they may reach a wider circle of 
students than can manage to attend the Class, and generally 
provide for Municipalities and others interested in questions 
of xmblic health and hygiene a handy and practical guide to 
sanitation in India. 

The book aims at providing the sanitary student with 
information on the practical application of modem 
sanitary methods adapted to India as well as to other places ; 
for the principles of sanitation are the same in all countries 
although the conditions may differ. 
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As far as possible, each subject has been dealt with in a 
practical form, so that the book may furnish information 
which may be of value to the sanitary student in carrying 
out the duties of a responsible post. 

It will be seen that the Public Health Acts and By-laws 
both in England and India have been given in full on each 
subject, because we lay great stress on the value of properly 
constructed laws and regulations for any scheme of sanitary 
progress in India. As pointed out in the Chapter on 
Administration, the Acts and By-laws in force in the various 
towns of India are based on the Public Health Act, 1875, 
and other English Acts, modified to suit the conditions, but 
are weak in many respects. The Sanitary Ofiicer should 
realise the importance of a thorough acquaintance with the 
sanitary regulations in force in his district and be able to 
suggest amendments which are required from time bo time. 

We recognise that there is in the book much that relates 
to purely local sanitary methods of a large city like Bombay, 
but we make no excuse for this, for we hold that the highest 
standard should always be aimed at. All the towns and 
cities cannot work up to that standard at once. But though 
some towns and districts can only spend thousands while 
others spend lakhs, the principle involved is the same. 

We do not claim to have covered the whole area of 
sanitation in India which is a very wide one, but we trust we 
have introduced some new matter not touched upon before. 
For contributions on some- of the subjects the works of other 
authorities have been freely consulted. In the Chapter on 
Malaria the works of Manson, Ross, James, Liston and 
Bentley have been freely drawn upon, while it also includes a 
detailed statement of a Malaria campaign in a large city. 
Maxwell’s book on “ Refuse Disposal in England,” 
Robertson and Porters’ “ Sanitary Law and Practice in 
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England ” are among other standard works to which we have 
referred. 

A special feature of the book is the insertion of a large 
number of photographs illustrative, as far as possible, of the 
sanitary methods dealt with. 

Though some of the measures advocated cannot be 
immediately applied to all parts of India, it is hoped that the 
example set by the larger cities, which are enumerated in 
the book, will have the effect of stimulating interest in 
sanitary matters throughout India, and that many of the 
growing towns and cities will gradually recognise the im- 
portance of organising a trained staff of Sanitary Ofi&cials and 
of carrying out those measures which experience has shown to 
be both necessary and practicable. 

I am deeply grateful to my assistants and staff generally 
for their valuable co-operation and help ; to Mr. N. S. Kowshik, 
the Chief Clerk of the Health Department, are due our 
warmest thanks for his assistance in correcting the proofs and 
to Mr. Shamrao G. Rajapurkar for many of the drawings. 
The co-operation of the Times of India Press has greatly 
facilitated the publication of this book. 


Bombay, 

January, 1914. 


J. A. TURNER, M.D., D.P.H. 
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/^WING to a continued demand for the book, since the 
first edition was exhausted towards the end of 1915, 
the publication of a second edition has become necessary. 

The opportunity has been taken to carefully re\’ise the 
book. Some of the chapters have been re-arranged ; parts 
have been re-written ; much new matter has been 
introduced ; new illustrations have been inserted, a few of the 
old have been withdrawn ; and an index has been added. 
Regulations and details necessary for a closer study of the 
subject have been given in smaller type. 

Some valuable suggestions contained in the reviews which 
appeared on the publication of the book have been adopted. 
The original plan and object have, however, been steadily 
kept in view. 

The work of revision, like that of compilation in the first 
instance, has had to be accomplished when circumstances 
permitted under conditions not favourable to constant 
attention, and a few omissions and typographical errors may 
stdl exist. 

To Dr. Goldsmith and Mr. N. S. Kowsbik and my 
assistants my thanks are due and I have much pleasure in 
associating their names wdth mine in the publication of the 
book, which, we trust, may prove increasingly useful and 
acceptable to those for whom it was originally intended. 


Bombay, 


J. A. TURNER, B.p.H. 
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second edition having run out of print towards the 
^ beginning of 1921, a fresh edition has become 
necessary to meet the demand. 

In the publication of this edition, the original plan and 
object have been adhered to, and the book has been 
thoroughly revised and brought up-to-date. The sections on 
water, plague, tuberculosis, leprosy and influenza have been 
re-written and much fresh material inserted in almost every 
chapter. The latest available statistics have been given and 
the index has been made more copious. 

For this I am indebted to my late colleagues Drs. Sorab 
C. Hormusjee, K. B. Shrofl, C. Coutinho and Mr. N. S. 
Kowshik, to whom I again give my most grateful thanks. 

My thanks are also due to Mr. Be Joss, Conservancy 
Supervisor, who has revised and partly re-written the portion 
dealing with rats in relation to plague after a special study of 
the subject at the Government Plague Laboratory at Poona. 

I regret, however, that owing to the sad death of 
Dr, Goldsmith in December 1919, I have been denied in the 
preparation of this edition the very valuable assistance which 
he so abundantly gave in the preparation of the first two. 


Bombay, 


J. A. TURNEE, M.n., d.p.h. 



PREFACE TO THE FOURTH EDITION. 


Third Edition published in 1922 having been 
exhausted, the Publishers have called for a revised 
edition. The opportunity of revision thus afforded is 
both an honour and a privilege. In the words of the late 
Sir Pherozeshah M. Mehta, Dr. Turner was a missionary 
of Sanitation in India. Dr. Turner conceived the idea of 
presenting the fruit of his knowledge and experience in the 
form of this “ handy and practical guide ” for the benefit of 
“ Municipalities and others interested in questions of Public 
Health and Hygiene.” His death in August 1922 created a 
void difficult to fill. His work is, however, writ large on the 
face of Bombay. The several Institutions which he brought 
into being with the support of Government and private and 
public philanthropy and made over, on his retirement from 
India, to the Municipal Corporation, bear ample testimony 
to the foresight and energy with which he laboured for the 
improvement of the health and sanitation of the City. It is 
unfortunate that, unlike its predecessors, this edition should 
miss his guiding hand. 

The work of revising the book has been a labour of love 
to all who have helped in it : Drs. Sorab C. Hormusjee, 
C. Coutinho, R. K. Mhatre, J. V. Shirgaoker, B. S. Kanga, 
Mr. 0. De Joss, Head Conservancy Supervisor, and 
Dr. S. H. Kamat, all of whom, except the last, were like 
myself, associated with Dr. Turner for several years in the 
Public Health administration of this City ; and to all of them, 
I tender my grateful thanks. Dr. K. B. Shroff had helped 
in the preparation of the earlier editions, but his sad death 
in October 1930 deprived this edition of his assistance. 
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No effort lias been spared in making tbe book thorougbly 
up-to-date. Much new matter has been introduced in every 
Chapter. The Chapters on “ Food ” and “ Malaria and 
Mosquitoes ” have been entirely re-written ; every other 
Chapter has been brought up-to-date with necessary alterations 
and additions ; Chapters on “ Air and Ventilation,” “ Soils 
and Building Sites ” and “ Village Sanitation ” have been 
added ; several new illustrations have been inserted and 
some old ones withdrawn. It is hoped that the usefulness 
of the book has thus been materially enhanced. 

Warm thanks are due to Mr. V. S. Bhende, B.A., Head 
Clerk of the Health Department, for his assistance in the 
correction of proofs. 


Bombay, 
January, 1934. 


J. S. NERURKER, 

B.SC., L.M. & S., D.P.H. 
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SANITATION IN INDIA, 

CHAPTER I. 

ADMimSTRATION OP PUBLIC HeALTH AcTS IN IndIA. 

'^HE Acts and Bye-laws, wMcli regulate and control Public 

Health in different parts of the world, vary with the 
progressive tendency of the people. 

In England, the Public Health Act, 1875, forms the basis 
of all laws regulating and dealing with the control of Public 
Health, and these laws are extended' or curtailed to meet the 
requirements of any particular locality. 

The English Public Health Acts apply to urban and rural 
districts and some are adoptive, but it is the tendency of 
every urban and rural district to adopt all those sections 
relating to Public Health. 

The laws controlling Public Health in India are adminis- 
tered by the Municipality and comprise the Bombay Munici- 
pal Act and Bye-laws, and the District Municipal Act and 
Bye-laws, ; the Calcutta Municipal Act and Bye-laws, the 
Madras Municipal Act and Bye-laws, There are also the 
Cantonment Municipal Acts and the Municipal Act of Native 
States, where Municipalities exist. 

These Acts are very different in many respects, especially 
those sections dealing with Buildings, Housing, Overcrowding, 
Registration of Births and Deaths, Nuisances, Disposal of 
the Dead and Control of Infectious Diseases. 

In large cities and towns in Lidia, the executive control 
is vested in the officer appointed by Government. In Bombay 
he is called the Municipal Commissioner ; in Madras, 
Commissioner ; and in other towns, Chief Municipal Officer ; 
in the Districts, with a population of not less than 100,000, 
and also in other Districts where specially appointed, 
the Municipal Commissioner (Bombay Act VIII of 1914). 
In Calcutta, the Chief Executive Officer is appointed by the 
Corporation. 
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Certain sections of these Acts make it incumbent on the 
Executive Officer to obtain the sanction of the Standing 
Comniittee of the Corporation, or Commissioners, or the 
Council before taking action. 

The Public Health Acts in British India, therefore, vary 
in degree according to the character of the district, urban or 
rural, and are amended and added to from time to time. 

They are based on the English Public Health Act, 1875, 
and other English Acts ; the Municipal Executive Officer — > 
Commissioner, Chairman, President or Collector — taking 
the place of the Sanitary Authority in the English Act. 

Notices are signed by the Municipal Commissioner or the 
Chief Officer as the case may be. 

Under certain sections of the various Indian Municipal 
Acts, the local Authority has power to make Bye-laws. 

In the larger cities in the Presidencies of Bombay, Calcutta 
and Madras, the Executive Health Officer and the Executive 
Engineer are appointed by the Mimicipalities subject to the 
approval of Government, and the subordinate staS by the 
Commissioner, or the Municipality. The staff varies according 
to the size and importance of the city. 

Sanitaey Administeation. 

The Public Health Administration in England is now 
controlled first, by the Ministry of Health, a Department of 
Government ; secondly, by County Councils who appoint a 
County Medical Officer of Health ; thirdly, by the Urban and 
Eural District Council ; fourthly, by the Parish Council. In 
many counties of England, there is a County Medical Officer 
of Health, and in addition there are combined districts com- 
prising urban and rural areas, which also appoint a whole- 
time Medical Officer of Health for the combined district ; and 
there are also Medical Officers of Health of large cities, 
county boroughs and smaller towns and rural districts : in the 
case of these latter, the M. Os. may or may not be whole-time 
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officers. All these officers are appointed by the various 
local Authorities subject to the sanction of the Ministry of 
Health and, in the majority of cases, are whole-time men and 
half their salary is paid by the County Council out of the 
County rates. 

The local Authority administers the various Acts con- 
cerned with the Public Health, viz., the Public Health Act, 
1876, and the Public Health Act, 1890 ; the Rivers Pollution 
Prevention Act, the Factory and Workshops Act, Housing of 
the Working Classes Acts, Infectious Diseases Prevention 
Act, the Sale of Foods and Drugs Act, the Margarine Act, 
the Dairies, Cowsheds and Millc -shops Orders, Canal Boats 
Act, Infant Life Protection Act, &c. 

In large cities of England, the local Authority is 
the Corporation, which is divided up into Committees 
for different Departments, — ^Health Committee, Cleansing 
Committee, Lighting Committee, Streets and Buildings 
Committee, etc. 

In London, the County Council is the local Authority 
with separate medical and administration staS, &c,, but 
for Public Health Administration, London is divided into 
42 Metropolitan Boroughs, and the City and Port of 
London each having its own Medical Officer of Health, 
Engineer, &;c. 

The Ministry of Health is the supreme Authority and 
can insist on the proper administration of the Acts by the 
local Authority. 

In India the sanitary administration of many large cities 
is carried on by a immicipality with a Chairman, Commissioner 
or President, appointed by Government. 

In Bombay, the local Authority is the Corporation, 
with a Commissioner appointed by Government. The 
Municipality of Bombay is the controlling body, and is 
comprised of a Corporation partly nominated by Government, 
partly elected by rent payers, the Chamber of Commerce, the 



4 


Sanitation in India. 


University, the Indian Merchants’ Chamber and Bureau, the 
Bombay Millowners’ Association and delegates of the 
registered Trades Union. 

In Calcutta, this Authority is called Corporation, with 
a Chief Executive Officer appointed by the Corporation sub- 
ject to the sanction of Grovernment, and the Councillors are 
elected as in Bombay, by rent payers and nominated by 
Government, and elected by the Chamber of Commerce, &c. 

The local Government is the supreme Authority and can 
insist on the proper administration of the Acts. 

The Executive in Bombay consists of the Municipal 
Commissioner appointed by Government, 

The Executive Health Officer, the City Engineer and 
the Hydraulic Engineer are aiDpomted by the Corporation, 
subject to the approval of Government. 

In Madras, the local Authority is the Corporation with a 
Commissioner appointed by Government, and the Health 
Officer now apj)omted by the Corporation. 

In the other towns, Cawnpore, Ahmedabad, Poona, Surat, 
Delhi, Lahore, Lucknow, Agra, Nagpur, &c., the local Autho- 
rity is the Municipality. 

The Government Sanitary Service in India consists of a 
Public Health Commissioner to the Government of India 
and a Director of Public Health to each local Government, 
and in addition Assistant Directors of Health. 

The Government of India have within recent years decided 
to improve and strengthen the Sanitary Service, and the 
following is the Eesolution dealing with Sanitation in India : — 

No. 921.— 36, dated Simla, the 23rd May 1912. 

Resoltttion. — By the Government of India, Department of Education 
(Sanitary). 

“ The Government” of India liave had for some time under their consi- 
deration the question of the improvement and strengthening of the sanitary 
.service.^ in India. The Plague Commiesion in 1901 strongly urged the 
neressity for the improvement in certain directions of the organization of 
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the Sanitary Deijartment in India, with the object of dealing more effectively 
with outbreaks of plague and other epidemics and w'ith the genera] sanita- 
tion of India. In 1905 a scheme was .formulated by the Royal College of 
Physicians for the creation of a medical and sanitary organisation in India, 
and the inadequacy of the sanitary services, as then constituted, was again 
emphasised. 

In 1907 the Government of India addressed all local Governments in- 
viting them to consider certain proposals for reform. The views of local 
Governments have been considered in detail, and a scheme has now been 
formulated which has received the sanction of the Secretary of State. The 
object of this Resolution is to indicate for general information the lines on 
which it is proposed that reorganization shonld proceed. 

2. The administrative machinery of the Sanitary Department is already 
in most respects fairly complete and efficient. The improvements that the 
Government of India desire to effect are in the direction of further decen- 
tralisation of control ; of widening the field of recruitment by throwing 
open the higher posts to fully qualified Indians of proved aptitude ; of 
strengthening the staff in some provinces in which at present it is admit- 
tedly inadequate. 

3. Hitherto the appointment of Sanitary Commissioner in all provinces 
with the exception of Madras and Bombay, has rested with the Imperial 
Government. The Government of India have now authorized all local 
Governments to select their Sanitary Commissioners from officers serving in 
the Provincial Sanitary Department, provided that no officer of less than 
fifteen years’ service be ajjpointed without their previous sanction. They 
will also retain the selection in their own hands when no suitable officer is 
available in the province, or when the local Government de.sires to appoint 
an officer serving in another province. The Government of India further 
do not consider it desirable that there should be any limitation to the tenure 
of the Office of Provincial Sanitary Commissioners and the existing orders on 
the subject contained in the Home Department Resolution No. 4340-51,- 
dated the 7th June 1888, are cancelled. 

4. It has become evident that the existing number of Deputy Sanitary 
Commissioners in more than one province is inadequate in view of the 
exacting nature of the duties w'hich they have to perform, and the un- 
wieldy size of their charges. The area served by these officers ranges from 
129,241 square miles in Madras to 24,597 square miles in Bombay and the 
population from 36J millions in Madras to SJ millions in Bombay, The 
Government of India have now decided to create eight additional appoint- 
ments of this class, two each in the three provinces of Madras, Bengal and 
the United Provinces and two which were originally proposed for Eastern 
Bengal and Assam. The allotment of these posts, with those sanctioned 
for Bengal, will require re-adjustment in view of the recent administrative 
changes. 

The appointments of Deputy Sanitary Commissioners will no longer be 
reserved for officers of the Indian Medical Service, and Indians possessing 
the necessary qualifications will be eligible for these posts. The selection of 
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candidates for Deputy Sanitary Gommissionersliips, whether officers of 
the Indian Medical Service or not, will remain with local Governments 
subject to the following conditions : — 

(1) that the candidate holds a British diploma in public health and a 
registrable medical qualification ; 

(2) that no officer is appointed who is not an accepted candidate for 
the Sanitary Department ; and 

(3) that the Government of India is asked for an officer when the 
local Government has no candidate available who is qualified and 
on its accepted list of candidates. 

5. The Government of India consider that the terms to be offered to 
Deputy Sanitary Commissioners, not belonging to the Indian Medical Ser- 
vice, should be non-pensionable, but that the scale of pay should conse- 
quently be fixed at rather more than two-thirds of the pay of Indian Medical 
Service officers in the department. The scale which they have determined 


is as follows : — 

Years of Service. Rs. 

1-2 (probationary) . . . . . . 500 

3-5 600 

6-10 700 

11-15 SOO 

16 and over . . . . 900 


For approved service of over 20 years, pay of Rs. 1,000 will be given up 
to 25 years which will ordinarily be the limit of service. Officers appointed 
on this scale will be eligible for leave under the Indian Service Leave Rules. 
First appointments will be made on probation for a period of not less than 
two years, and no officer will receive any increment of pay during the pro- 
bationary period of his service ; but in the case of men ■who have rendered 
approved service as municipal officers of health, the period of probation 
may be dispensed with at the discretion of local Governments and the full 
rate of pay (viz., Es. 600) allowed. All Deputy Sanitary Commissioners 
will be debarred from private practice. 


6. Another part of the administrative machinery which has attained a 
position of varying usefulness in different provinces is the Sanitary Board. 
These Boards are beneficial in emphasising the importance of the subject of 
sanitation, in correlating sanitary schemes with administrative exigencies 
and in securing direct discussion between sanitary experts and those who 
can appreciate and repi-esentthe attitude of the general population. The 
constitution of these Boards should, the Government of India consider, 
be determined by the local Government with reference to the functions 
with which they are to be entrusted. If the Board is purely an advisory 
body, it should contain the smallest number of persons sufficient to ensure 
that projects submitted to it will be examined adequately from the points 
of view of public health, of engineering and of finance and general ad- 
ministration. If the Board has specific powers of sanction, and is, within 
certain limits, practically to represent the local Government in matters of 
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sanitation , it will appropriately be larger ; but it cannot, in the Government 
of India’s opinion, be desirable that a large body of officials without power 
to sanction schemes should be interposed between the local authorities 
and the provincial Government, 

7. The wealmess of the executive establishment of the service, and the 
inadequacy of the staff of trained officers of health, is a defect which has 
been prominently brought to the notice of the Government of India, the 
remedy for which is a necessary preliminary to any substantial improvement 
of sanitation. The Presidency towns and a few of the larger cities have 
such officers ; but as a rule the Civil Surgeon is the only health officer of the 
towns in a district. It is difficult for him to give sufficient attention to the 
sanitary requirements of the head-quarters town ; it is impossible for him to 
make more than an occasional inspection of other towms. The scheme now 
sanctioned provides for the appointment of health officex-s of the first class 
for larger municipalities and of the second class for the smaller towms, in 
accordance with detailed proposals received from the local Governments, 
A health officer of the first class will he required to have a registrable 
medical qualification and a British diploma in public health. The neces- 
sity for a British diploma will however be only temporary, as the Govern- 
ment of India trust that it may be possible to remove the second restriction 
so soon as arrangements can be made in India which will enable Indians 
trained in this country to become health officers of the first class. For 
health officers of the second class the main qualifications will he a good 
general education, supplemented by a course of training in public health 
approved by the local Government. Asalary of Rs. 300-20-500 is consi- 
dered suitable for officers of the first class (with higher pay in exceptional 
cases) and of Rs. 150-10-300 for officers of the second class. The Govern- 
ment of India leave it to local Governments to determine in the case of 
both classes, whether provincial service should be constituted or whether 
the appointments should be local ; but they consider that grants -in -aid by- 
local Governments should he made only on conditions which will ensure 
that qualified men are appointed, and that they will have reasonable secu- 
rity of tenure. They also consider that the necessary power .should he 
vested in local Governments to require a municipality to appoint a health 
officer and to veto the appointment of an unfit person. 

In order to assist local Governments to establish this trained service, 
the Government of India have offered to grant an annual subsidy to those 
Governments which cannot find the money from provincial funds, to the 
extent of the entire cost of the additional Deputy Sanitary Commissioners 
(calculated at the rates proposed for men not belonging to the Indian 
Medical Service) plus half the cost of the municipal health officers in the 
towns in which local Governments consider they should be appointed. It 
is hoped that the balance can then be found by the municipalities and local 
Governments concerned. 

8. The subordinate supervising staff of the conservancy establishment 
also calls for improvement. In most towns there is an official whose fimc- 
tions resemble those performed by an inspector of nuisances in England. 
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]t is however exceptional to find in this position a man who has any tech- 
nical loiowledge of his work. The Government of India think it desirable 
that a service of trained sanitary inspectors should be organized in munici- 
palities, based on such standard of population, income or area as commends 
itself to the local Governments. They have recommended to the notice 
of the other provinces the system in force in Madras, whereby every muni- 
cipality is required to employ at least one trained inspector, a second 
inspector if the population exceeds 30,000 and three inspectors if the 
population exceeds 50,000 ; but they leave it to local Governments to deter- 
mine the preliminary qualifications to be required from candidates, the 
course of training they must undergo and the rates of pay to be given. 
They trust that local Governments will be able to give assistance to 
such municipal bodies as require it in the organization of this subordinate 
staff. 

9. The Government of India are confident that the schemes now 
sanctioned will mark a substantial advance towards the organization of a 
trained sanitary staff capable of further expansion in the future, and that 
it will prove an efficient agency for extending a knowledge of elementary 
hygiene among the people.” 

This G. R. is further modified by — 

G. R. No. 2815 of 14th February 1923 (General Department) which 
lays down (i) that Medical Officers of Health of Municipalities of the first 
class shall be required to possess — 

(a) a Medical qualification registrable by the General Council of 
Medical Education and Registration in the United Kingdom and 

{b) a British Diploma in Public Health or the degree of Bachelor of 
Hygiene of the Bombay University or the Diploma in Public 
Health of the Calcutta University or such other equivalent Indian 
Diploma as may be hereafter approved by Government. 

(ii) that the rates of pay for Medical officers of Health of 1st grade 
towns shall be as follows : — 

(a) for Health Officers possessing British qualifications R.s. 400-25-750 ; 

(b) for Health Officers possessing Indian qualifications approved by 
Government Rs. 300-25-000. 

Sanitary Administration op Towns in India. 
Towns in India, in wliicli any attempt at sanitary admiais- 
tration is made, vary in population from 30,000 to 1,000,000. 
In tlie majority of tlie smaller towns, tte duties of tlie Health 
Department, if one exists, are very ill-defined and perfimc- 
torily carried out. No actual hard and fast rules can belaid 
down — ^miich depending on the rateable value, the commercial 
enterprise and importance as a residential centre, tbe class 
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of inhabitants, the climatic conditions and facilities for 
communication. 

In view of the desire of the Government of India to 
improve the sanitary administration of the Empire, certam 
principles may be laid down with regard to the following : — 

1. Water-supply. 

2. Drainage and Sewage disposal. 

3. Kefuse collection and disposal. 

4. Eegistration of Births and Deaths. 

5. Control of Infectious Diseases. 

6. Supervision and Control of Trades and Factories, 

7. Condition of Houses, their improvement. 

8. Re-arrangement of crowded areas and Town- 

planning. 

9. Medical Relief, Malaria, Tuberculosis. 

10. Disposal of the Dead. 

11. Pollution of Rivers and Wells. 

12. School Medical Inspection. 

A Health Officer should be appointed either in a town or 
combined district with 30,000 persons or more. He should be 
a qualified medical man with experience in public health 
work. 

He should have a staff of Conservancy and Sanitary In- 
spectors — one to each 20,000 population. 

For the registration of births and deaths, there should be 
a Registration Office, with Branch Offices if the district has 
a population of over 50,000 — or is a combined one. 

The Registrars should be, qualified medical men, or Sub- 
Assistant Surgeons, with training in sanitation. 

On taking over charge of a town or district, the Health 
Officer should first obtain an accurate map giving the area, 
number of inhabited houses, streets, lanes and oarts and the 
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population of eacli section. He should divide the district 
into sections and put each section under a Sanitary Inspector, 
who should be an educated and trained man. 

The extent of labour staff required will depend largely on 
the particular industry or occupation of the people concerned. 

Details of every street and house should be available and 
a house to house inspection made by the Sanitary Inspectors 
and the method of drainage, night-soil disposal, and refuse 
collection and disposal laid down. 

In every town or district of any size, a large number of 
huts or small houses exist occuj)ied by the poorest classes. 

It is not to be expected that modern sanitary methods 
which are adopted in large cities can be applied here, but 
some attempt can be made to imjDrove their surroundings. 

In the majority of these districts it will be many years 
before the inhabitants can be taught the value of clean- 
liness in and around the dwellings : nor will it be possible to 
remove all sullage water and night-soil or adoj^t other than 
existing methods, but there are many ways of improving the 
sanitation of a district besides expensive drainage schemes. 

Land is plentiful and labour is cheap and the climate is 
favourable for disinfection by the sun and wind. 

These conditions should be taken advantage of, for even 
the poorest class of huts can be improved by regulating their 
position and putting a mukadam in charge who can supervise 
the cleaning of the surroundings, disposal of night-soil, fillmg 
in of damp places and keeping of a register of births, deaths 
and sickness. 

Bombay. 

Bombay may be taken as an example of a large city in 
India where modern sanitary methods are applied. 

The population of Bombay is about 1,200,000 and in 
point of numbers it is the third city in the Empire. 
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Name of City. 

Population 
according to 
the Census 

Area in 1931- 

(1) 

Bombay 

of 1931. 
11,61,383 

15,480 acres. 

(2) 

Calcutta & Suburbs 

14,19,321 

19,520 „ 

( 3 ) 

Madras 

6,47,533 

18,660 „ 


Name of City, 

Rateable 

Annual ex. 
penditure. 

(1) 

Bombay 

value in Rs. 

13,50,26,397 

Cleansing 

Department. 

Rs. 

29,81,147 

(2) 

Calcutta & Suburbs 

9,84,14,683 

23,87,000 

( 3 ) 

Madras 

2,16,18,915 

9,46,744 


For administrative purposes the city has been divided 
into seven wards. The head of the Health Department is 
the Executive Health Officer who has the following officers 
immediately under him : — 

(1) 6 Assistant Health Officers. 

(2) 1 Head Supervisor. 

(3) ’ 1 Superintendent of Vaccination. 

(4) 1 Medical Superintendent in charge of Isolation 

Hospitals. 

(5) 1 Municipal Analyst. 

(6) 2 Medical Officers in charge of Tuberculosis 

Institutions. 

(7) 1 Medical Officer in charge of Venereal Diseases 

Dispensary. 

(8) 5 Lady Doctors in charge of Maternity Homes. 

The Executive Health Officer is ' under the Municipal 

Commissioner, the Chief Supervising Officer. 

Duties of the Staff. 

The duties of the staff are on the same lines as those 
in English cities, but are of a more multifarious and exacting 
character. The habits of the people, their caste prejudices 
and religious susceptibilities and the difficulties of enforcing 
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tlie Acts and Bye-laws and the control of a large staff of 
labourers render the work of the Health Officer much more 
arduous ; and he must be as much a teacher as an Executive 
Officer and while exercising tact and discretion, must possess 
a firm guiding hand both with regard to the people and the 
authorities under whom he serves, ■ 


Sanitary Branch. 

For sanitary purposes the seven wards have been grouped 
into four divisions, each of which has been given under the 
charge of an Assistant Health Officer who is the Health Officer 
of the division with a population of 175,000 to 350,000, The 
Assistant Health Officer is responsible for the sanitary work 
of the ward or wards under his control. The other staff of the 
Sanitary Branch exclusive of the clerical and labour staff 
consists of : — 

10 Senior Medical Inspectors, who are also District 
Registrars in charge of the ten Registration 
Districts of the City. 

7 Junior Medical Inspectors. 

39 Medical Assistants in charge of Sections. 

6 Milk Sub-Inspectors. 

10 Food Jamadars. 

11 Disinfecting Sub-Inspectors. 

Duties of the Assistant Health Officers. 

General Duties. 

The first duty of the Assistant Health Officer is to make 
himself thoroughly acquainted with the boundaries and 
character of his ward sections and sub-sections, the number 
and members of the supervising staff of these areas, and the 
number and description of the labour staff working under 
him. 



The Assistant Health Officer will exercise full administra- 
tive control of his ward under the supervision of the Executive 
Health Officer and be held responsible for the carrying out 
of the sanitary provisions of the Municipal Act, subject to 
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sucli orders as may from time to time be issued by tbe Muni- 
cipal Commissioner or the Executive Health Officer. 

Certain powers under the Municipal Act are delegated to 
the Assistant Health Offi.cers and they must study the sections 
of the Act generally so as to be conversant with the legal 
powers and duties and the various functions conferred upon the 
Municipal Corporation and its Officers. 

These powers must be carefully and judicially exercised ; 
firmly but not oppressively, it being always borne in mind that 
a perfunctory or illegal use of authority might lead to serious 
consequences, for which the officer concerned would be held 
responsible. 

The Assistant Health Officers will report to, and 
correspond direct with, the Municipal Commissioner on 
matters of special importance, or such as may be referred to 
them from time to time, and with the Executive Health 
Officer, and all other Municipal executive and departmental 
officers or persons, public or private, regarding all matters 
of routine, sanitary control and divisional work. 

The Executive Health Officer is, under the Municipal 
Commissioner, the chief supervising officer and Assistant 
Health Officers shall obey and carry out such orders or requests 
as he may from time to time issue ; and they shall furnish 
him with reports and returns and all information which he 
may deem necessary. 

In matters of general policy and the working of the 
Department, no change, alteration, or interference must be 
attempted without reference to the Executive Health Officer, 
whose approval and consent should in all cases be first ob- 
tained. Subject to the foregoing and any orders which may 
be hereafter issued from time to time by the Municipal Com- 
missioner and the Executive Health Officer, the Assistant 
Health Officers will be in independent charge of their wards 
and held responsible for the proper and efficient working of 
the same. 
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An Assistant Health 'Officer will ordinarily visit and 
inspect a certain portion of his ward daily, morning or evening, 
and at least once during the month on a Sunday, the inspec- 
tions being arranged so that every portion of the ward may 
be regularly and frequently visited. A diary should be kept 
as a record of these visits, which may be called for at any 
time by the' Municipal Commissioner, or the Executive 
Health Officer. 

It shall be a part of the Assistant Health Officer’s 
duty to cause a careful enquiry to be made into all cases 
of death ascertaining, if possible, the cause, and when 
an unusually large number of deaths occur in any house or 
street or section to bring the same promptly to the notice 
of the Municipal Commissioner and the Executive Health 
Officer. 


SjJeGific Duties . 

The following are the specific duties of the Assistant 
Health Officers : — 

To inform himself as far as practicable respecting all 
influences affecting or threatening to affect injuriously 
the public health in his ward. 

To enquire into and ascertain the causes, origin or 
distribution of diseases within his ward, and to ascertain 
to what extent the same has depended on conditions 
capable of removal or mitigation. 

By systematic and daily inspection in his ward to keep 
himself informed of the conditions injurious to health 
existing therein. 

To exercise full administrative control over his ward 
and to carry out the sanitary provisions of the Municipal 
Act, 

To supervise the work of the senior and junior 
medical inspectors and medical assistants in charge 
of sections. 
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To supervise the work of district registrars, and medical 
assistants in charge of dispensaries and ofEices, to 
enquire into any outbreak of infectious disease reported 
by the district registrar, to arrange and supervise 
removal to hospital, disinfection and other measures 
necessary for dealing with such cases of infectious 
diseases. 

To supervise the carrying out of all special Plague 
measures such as disinfection, evacuation of infected 
houses, removal of cases to hospital and contacts 
to health camps, and supervision of health camps in 
his ward. 

To enquire into complaints made by the public, and to 
make reports thereon when required to the Executive 
Health Officer and the Municijpal Commissioner. 

To serve notices on owners of premises in which there 
are sanitary defects and to conduct prosecutions in the 
Police Court of offenders against the sanitary provisions 
of the Municipal Act. 

To carry out all orders and instructions of the Municipal 
Commissioner and the Executive Health Officer. 

Routine Duties. 

The daily routine work of an Assistant Health Officer 
consists of a visit to his ward and dispensary and inspection 
of some part or parts of his ward in the early mornings between 
7 and 9 A.M.; and office work and outdoor supervision if 
necessary, from 11 to 5 P.M. or later. 

Places or premises are visited for enquiry into complaints 
made by the public, which cannot be dealt with by the 
medical assistants in charge of sections, or for reports to be 
made to the Municipal Commissioner or Executive Health 
Officer. 

Inspection of premises in which the privy accommodation 
is insufficient or for sanitary reasons objectionable, for action 
to be taken under Sections 248 and 249. 
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Inspection of premises for wliicli notices for limewasliing 
and sanitary improvements under Sections 267, 375 and 377 
have been served, to see if the work has been satisfactorily 
carried out. 

Inspection of licensed stables with special reference to 
the carrying out of the requirements of the bye-laws, preven- 
tion of overcrowding, daily removal of dung and litter. And 
in cases of milch cattle stables for prosecutions for feeding 
the cows and bufialoes, etc., on stable litter under Section 
384, Clause (c). 

Inspection of houses where cases of plague or other 
infectious disease have occurred or which are insanitary, for 
reports to be made to the Executive Engineer for action to be 
taken for their improvement. 

Inspection of hotels, restaurants, eating houses, tea shops, 
dairies and bakeries, hair dressing saloons, bidi manufactories, 
and stables. 

Inspection of places where refuse is thrown into the 
gullies and streets for prosecutions under Section 372 clauses 
a, e, and/ and Section 373. 

Inspection of food exposed for sale and seizing of the 
same if necessary under Sections 413 to 417. 

Collecting samples of millc, ghee, butter, foods and 
drinks and forwarding them to the Municipal Analyst (now 
Public Analyst) for analysis. 

Inspection of factories, &c., for smoke nuisance and 
actions under Section 391. 

Inspection of District Ofl&ces, Municipal Dispensaries 
and Maternity Homes, visiting houses where cases of 
infectious diseases have occurred making enquiries in the 
origin of infection, supervising disinfection, persuading 
relatives to remove cases to the hospitals for infectious 
diseases, supervision of plague measures and supervision of 
health camps. 
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Supervision of the work of the nurses, birth karkoons, 
and death registration ramoshis. 

Inspection of special premises about which action is 
being taken in the Police Courts. 

Visiting premises for reporting to the Municipal Com- 
missioner if licenses for stables or firewood depots should 
be granted or for permits for premises at which mechanical 
power is proposed to be employed. 

Inspections on above lines are made in the early mornings 
and afternoons. 

The office work of each Assistant Health Ofi&cer includes 
the writing of reports to the Municipal Commissioner and the 
Executive Health Ofi&cer, reporting to the Executive Engineer, 
Drainage Engineer, and Hydraulic Engineer for action 
required to be taken by their Departments ; reporting to the 
Superintendent of Licenses the infringement of the terms of 
their licenses by licensees of stables and other licensed 
premises. 

Drafting and signing letters in reply to complaints or 
requiring house-owners to carry out certain works. 

The preparation of the paysheets of all the supervising 
and labour stafi. 

Disposal of defaulter sheets and reports by District 
Registrars and Junior Medical Inspectors and Medical 
Assistants of offences committed daily and infliction of fines 
or other punishments. 

Attending the Police Court to conduct cases. 

Every day the Medical Assistants in charge of sections 
of the different Wards attend at the ofiSce of the Assistant 
Health Ofi&cer to report to the latter and, if necessary, he 
goes out with them to inspect or deal with any urgent 
nuisances. 

The other stafi of the division in charge of an Assistant 
Health Ofi&cer consists of his ofl&ce stafi and outdoor staff of 
2 
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Medical Inspectors, Medical Assistants, Visiting Nurses, Birth 
and Death registration Karkoons, Milk and Disinfecting \ 

Sub-Inspectors, Cemetery clerks who are in charge of 
cemeteries and burning ghats and the menial staff. 

Malaria Branch. 

This branch is now in charge of an Assistant Health 
Officer who, l&e the Assistant Health Officers on the sanitary 
side, is directly responsible to the Executive Health Officer. 

The Assistant Health Officer (Malaria) has under him his 
office staff, 8 Junior Medical Inspectors, 80 Junior Overseers 
and the menial staff and has to carry out the work of examina- 
tion of wells, tanks, fountains, basins and other collections 
of water for the presence of larv® of mosquitoes or for 
cleaning, covering, filling in, &c., under Section 381. He is 
responsible for the initiation and effective execution of 
anti-mosquito and anti-malarial measures. 

Conservancy Branch. ^ 

Duties of the Head Supervisor. 

The Head Supervisor is the head of this Branch, which 
includes the Halalkhore service. He is directly subordinate 
to the Executive Health Officer. His relation with the staff 
of the Sanitary branch is not that of subordination, but that 
of co-operation. He is responsible for the supervision and 
control of the whole of the conservancy of the City includmg 
town cleansing, street sweeping, refuse collections, supervision 
and control of halalkhore work, the control of bullock transport 
and subject to certain powers reserved to the Deputy Execu- 
tive Engineer, Mechanical Branch, of the motor wagons 
allotted to the Health Department. He shall make special 
inspections m afternoons or evenings. He shall attend at 
muster early in the morning and during the day at each ward 
stable at least once a week. Surprise visits should be paid 
to the stables at least twice a week to inspect the feeding of 
bullocks. 
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His morning inspections shall include supervision of the 
work of labour staff, i.e., removal of road scrapings, cleansing 
of gullies, gully traps, house drains, waste water pipes, privies, 
flushing of gullies with gully flushing engines and reels of 
hose attached to stand pipes, condition of public latrines and 
urinals, dustbins, and removal of refuse and all the 
conservancy work of the City including surface cleaning. 

He shall report to the Executive Engineer, Drainage 
Engineer and Hydraulic Engineer, defects in public latrines, 
stables, chawls and other buildings belonging to the Munici- 
pality which are in charge of the Health Department and shall ■ 
certify the bills for the necessary works carried out. 

He shall send in indents for the feed of the bullocks, for 
brooms, baskets, lime and other articles required by the Health 
Department. 

He shall arrange for the removal of refuse and night-soil 
from military camps, circuses, private camps, &c. 

He shall pay surprise visits to the various night-soil 
depots in his charge and inspect the register kept by the 
Depot Attendant. 

He shall submit reports to the Executive Health Officer 
on outbreaks of infectious diseases or special mortality occur- 
ring in any house or section. 

He shall report to the Executive Health Officer on any 
matters likely to affect the health of the City generally, and 
on any matters which should be brought to his notice. 

He shall make routine inspections of the Ward stables, 
which are under qualified veterinary graduates. Three 
Veterinary Inspectors have been appointed to assist the 
Head Supervisor in stable inspections and cases of 
infectious diseases among cattle. 

Adverse reports by Veterinary Inspectors on Health 
Department stables will, in every case, be forwarded by the 
Head Supervisor to the Executive Health Officer. 
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The other staff of the Conservancy Branch exclusive of 
the clerical and labour staff consists of : — 


(1) 

3 

Supervisors. 

(2) 

10 

Assistant Supervisors. 

(3) 

7 

Senior Overseers. 

(4) 

47 

Junior Overseers. 

(5) 

12 

Depot Attendents. 

(6) 

10 

Caretakers. 

(7) 

20 

Nuisance Jamadars. 

(8) 

1 

Senior Veterinary Inspector. 

(9) 

. 1 

Assistant to Senior Veterinary Inspector. 

(10) 

3 

Veterinary Inspectors. 

(11) 

10 

Veterinary Overseers. 


House drahi cleaning work : — ^This work is done under 
the Assistant Supervisors, by masons and the staff of drain- 
cleaning bigaries of each section.’ In each Ward there is a 
gully-flushing gang in charge of an Overseer. 

The labour staff is directly controlled by Mukadains. 

It consists of bigaries to sweep the roads and footpaths 
and house-gallies ; 

Cart fillers to fill the cutchra carts and cart-drivers for 
the carts ; motor fillers and motor drivers. 

Gully plungermen to clean gully traps ; 

Halalkhores to clean privies and remove night-soil to 
depots. 

Vacant ground cleaners to remove night-soil from vacant 
ground, street corners, &c. ; 

Public latrine and urinal cleaners ; 

A staff' to clean house-drains, repair broken house-drains 
and gully traps, sending in bills to the house■-o^vners concerned. 
They also ' clean waste-water pipes and all connections to 
house-drains. 
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Vaccination Branch. 

The Head of the Branch is the Superintendent of Vaccina- 
tion who under the control of the Executive Health Officer 
is responsible for the vaccination work in the City. The 
Superintendent has under him one Head Vaccinator and 9 
Vaccinators besides the clerical and menial staff. 

Besides there is a Medical Superintendent for the Arthur 
Koad Hospital for Infections Diseases and the Maratha 
Hospital for tubercular and^ roadside cases ; a Municipal 
Analyst in charge of a fully equipped chemical and bacterio- 
logical laboratory for analytical and bacteriological examina,- 
tion ; two Medical Officers for the Tuberculosis Dispensaries 
and the Sanatorium ; a Medical Officer for the Venereal 
Diseases Dispensary and five Medical Officers (Lady Doctors) 
for five Maternity Homes. 

District Staff. 

For the purposes of medical relief, registration of births 
and deaths, and taking measures against infectious diseases 
the City of Bombay is divided into ten parts called Districts, 
and each District is in charge of a fully qualified Medical 
Officer, called the District Registrar, who has under him the 
following staff : — 

1 . Three or more Medical Assistants or Assistant Sanitary 
Inspectors whose duty is to check immediately all death 
reports received from cemeteries or death Karkoons, to make 
house-to-house inspection and find out sickness and births, 
to treat poor patients at their houses, to supervise disinfection, 
to report to the District Registrar sanitary defects observed 
in houses, to check the work of Birth Karkoons and to assist 
the District Registrar generally. 

2. One . fully qualified midwife, called the Nurse, whose 
duty is to make house-to-house inquiry, so as to instruct the 
female population as regards the feeding of infants, domestic 
and personal hygiene, and other sanitary matters, to conduct 
delivery cases in poor families and to find out births. 
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3, Three or more Birth Karkoons, one for each section, 
whose duty is to make house-to-house inspection, and collect 
information regarding births and sickness and to serve 
vaccination notices and bring children for vaccination. 

4, Cemetery Karkoons in charge of each cemetery. In 
large cemeteries there are fully qualified Medical Assistants. 
Their duty is to register deaths at the cemeteries and to 
ascertain the cause of death from the relatives of the 
deceased. 

5, Death registration Eamosis, six or more for each Dis- 
trict. Their duty is to attend day and night at specified 
places in their section and to give a pass to the funeral party 
after personally ascertaining the proper address of the de- 
ceased. One of these death-passes is presented at the ceme- 
tery and the other is sent to the District Registrar of the 
District for immediate inquiry as to the cause of death. 

G. A Disinfecting Sub-Inspector to carry out disinfecting 
operations. 

7. Mukadams, a gang of coolies, camp master, clerks, 
peons, etc. 

The District Registrar, who generally resides in his own 
District or close to it, is in charge of all sections of his District 
and is personally responsible for them. His duties are to 
attend both in the morning and in the afternoons, the Muni- 
cipal Charitable Dispensary which is situated in the central 
part of his District, to treat, at their own residence, poor 
patients who are unable to move out of their houses, to check 
death reports, to supervise the work of Medical Assistants 
and birth Karkoons and the Kiirse, to supervise the disinfec- 
tion of infected houses, evacuate houses where necessary, to 
make special reports to the Health Officer on the outbreak 
of any special diseases, to report to the Assistant Health 
Officer all insanitary houses and any sanitary defects 
observed during his rounds, and to assist the Assistant Health 
Officer and the Health Officer generally. He has also to look 
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after the camps and take prompt measures to prevent the 
spread of sickness in them. 

Each Dispensary is also the ofiS.ce of the District Registrar 
and is provided with a telephone connection to receive in- 
formation of infectious diseases from the public. Special 
arrangement is made to receive messages at any time during 
the day and night. On the occurrence of cases of Plague, 
Cholera, Typhoid Fever, Relapsing Fever, Smalhpox and 
Phthisis, disinfection of the infected clothes, etc., is carried 
out. 

GUIDE TO PUBLIC HEALTH LAWS. 

{Notes are local to Bombay.) 

The City of Bombay Municipal Act of 1888 as modified' up 
to the 1st July 1930. 

(а) The City. — ^Means the City of Bombay. 

(б) The Corporation. — hleans the Municipal Corporation of the City 
of Bombay. 

(c) Councillor. — ^Means a member of the Corporation. 

((f) The Commissioner. — ^Means the Municipal Commissioner for the 
City of Bombay, 

(e) Bakehouse. — ^Means any place in which are baked bread, biscuits 
or confectionery, from the baking or selling of which a profit is derived. 

( /) Owner. — When used in reference to any premises means the 
person who receives the rent of the said premises, or who would be 
entitled to receive the rent thereof if the premises were let : and includes : — 

I, An Agent or Trustee who receives .such rent on account of the 
o^vner. 

tl. A receiver appointed by any Court. 

(p) A person is deemed “ to reside ” in any dwelling which he some- 
times uses, or some portion of which he sometimes uses, though perhaps 
not uninterruptedly, as a sleeping apartment. 

(7i) Eating House. — ^Means any premises to which the public are 
admitted and where any kind of food is prepared or supplied for consump- 
tion on the premises for the profit or gain of any person owning or having 
an interest in or managing such premises. 

(i) Building. — Includes a house, out-house, stable, shed, hut and 
every other such structure whether of masonry, bricks, wood, mud, metal, 
or any other material whatever. 

(j) Premises. — Includes messuages, buildings and lands of any 
tenure, whether open or enclosed, whether built on or not and whether 
pubHo or private. 
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(k) fVater Work. — Includes a lake, stream, spring, well, pump 
reservoir, cistern, tank, duct, whether covered or open, sluice, mainpipe, 
culvert, engine and any machinery, land^ budding or thing for supplying 
or used for supplying water. 

(l) A Sweetmeat Shop. — ^Means any premises or part of any premises 
used for the manufacture, treatment or storing for sale, or for the sale 
wholesale or retail, of any ice-cream, confections or sweetmeats whatsoever, 
for whomsoever intended, and by whatsoever name the same be known, 
and whether the same be for consumption on or outside the premises. 

(m) Drain. — Includes a sewer, pipe, ditch, channel or any other device 
for carrsdng off sewage, offensive matter, polluted water, sullage, waste 
water, rain water or subsoil water, and any ejectors, compressed air mains, 
sealed sewage mains and special machinery or apparatus for raising, collect- 
ing, expelling or removing sewage or offensive matter to the sewage outfall, 

(n) Land.— Includes land which is being built upon or is built upon 
or is covered with water. 

(o) House-gully. — A passage or strip of land, constructed, set apart 
or utilised for the purpose of serving as a drain or of affording access to a 
privy, urinal, cesspool or other receptacle for filthy or polluted matter, to 
municipal servants or to persons employed in the cleansing thereof or in 
the removal of such matter therefrom. 

(p) Street. — Includes any highway and any causewaj’’, bridge, viaduct, 
arch, road, lane, footway, square, court, alley or passage, whether a 
thoroughfare or not, over which the public have a right of passage or access, 
or have passed and had access uninterruptedly for a period of 20 years. 

{q) P%iblic Street . — Means any street heretofore levelled, paved, 
metalled, channelled, sewered or repaired by the Corporation, and any 
street which becomes a public street under any of the provisions of the Act. 

(r) Private Street. — ^Means a street which is not a public street. 

(s) Nuisance. — Iiicludes any act, omission, place or thing which causes 
or is likely to cause injury, danger, annoyance or offence to the sense of 
sight, smelling or hearing or which is, or may be, dangerou.s to life or 
injurious to health or property. 

. .. (t) Dangerous Disease. — ^Means Cholera, Plague, SmaU-pox, Leprosy, 
Enteric or Typhoid, Relapsing Fever, Malaria, Tuberculosis, Measles, 
Whooping Cough, Erysipelas, Scarlet Fever, Diphtheria, Sleeping Sickness, 
Yellow Fever, Kala-Azar, Influenzal Pneumonia and any endemic, 
.epidemic, or infectious disease by which the life of man is endangered. 

Obligatory Duties of the Corporation — Section 61 — 

(q) Construction, etc., of drains and drainage works, and of 
public latrines, urinals and public conveniences. 

{b) Supplying water. 

(c) Scavenging, etc, 

(d) Abatement of aU nuisances. 

(e) Regulation of places for the disposal of the dead. 
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(/) Registration of births and deaths. 

(ff) Public vaccination. 

(g) Prevention of the spread of dangerous diseases. 

{gg) Public medical relief. 

(A) Provision of markets and slaughter houses. 

(i) Regulation of offensive and dangerous trades. 

&c. &c. &c. &c. 

Section 

68 (1) The Municipal Commissioner may empoTV^er in writing any 
Municipal Officer to perform, under the Municipal Com- 
missioner’s control and subject to his revision, any of the 
powers, duties or functions described in sub-section (2) 
and the word “ Commissioner ” includes such officer so 
empowered. 

(2) The sections, sub-sections and clauses of this Act referred 
to in sub-section (1) {pertaining to the Health Department) 
are the following ; — 

84-92-1 12-228-234-240-243 (2)-246A - 248-249-249 A 
250 (2)-251-2olB-253-257-268 (o), {b), {c)-3Q8-3U-Z15 
375A-377 - 379-379A- 380-381-381A-383-384-384A-394- 
396 (1)-410 (1)-412 (1), (2)-412A-413 (l)-415-416-422- 
424 (l)-425 (l)-427 {3)-479 (5)-488 and 517 (a). 

Leave oe Absence, Acting Appointments, &c. 

81 Standing Committee to frame regulations for grant of leave, etc. 

83 Power of suspending, punishing and dismissing vests in the 

authority by whom such officer or servant is appointed. 

84 Leave of absence may be granted by the Municipal Commissioner. 
86 Municipal Officer or servant not to be interested in any coirtraot, 

etc., with the Corporation. 

141 Water tax on what premises to be levied. 

142 Haialkhore tax on what premises to be levied. 

181 Exemptions from the tax on vehicles and animals kept for 
Municipal purposes. 

220 Municipal Drains , — ^Mimicipal drains to be under the control of 

the Municipal Commissioner. 

220A Vesting of water courses. 

221 Drains to be constructed and. kept in repair by the Municipal 

Commissioner. 

222 Power of making drains. 

223 Buildings should not be erected without permission over any 

Municipal, drain. 

224 Alteration and discontinuance of drains. 

225 Cleansing of drains. 
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Section 

227 Drains of Private Streets and Drainage of Premises. — Power to 

connect drains of private streets with Municipal drain. 

228 Power of owners and occupiers of premises to drain into Municipal 

drains. 

229 Connections with Municipal drains not to be made except in 

conformity with section 227 or 228. 

230 Rights of owners and occupiers of premises to carry drains 

through land belonging to other persons. 

231 Municipal Commissioner may enforce drainage of undrained 

premises situated w'ithin a hundred feet of a Municipal 
drain. 

232 Municipal Commissioner may enforce drainage of undrained 

premises, not situated within 100 feet of a Municipal drain. 

232A Municipal Commissioner may enforce drainage of premises in 
combination. 

233 Municipal Commissioner may close or limit the use of existing 

private drains. 

233A Vesting and maintenance of drains for sole use of properties. 

234 New buildings should not be erected without drains. 

235 Exorementitious matter not to be passed into cesspool, except 

with permission of the Municipal Commissioner. 

236 Obligation of owners of drains to allow use thereof or joint owner- 

ship therein to others. 

237 How right of use or joint ownership of a drain may be obtained 

by a person other than the owner. 

238 Municipal Commissioner may authorize person other than the 

owner of a drain to use the same or declare him to be a joint 
owner thereof. 

239 Sewage and rain water drains to be distinct. 

240 Drains should not pass beneath buildings. 

241 Cesspools not to be constructed beneath buildings nor within 

20 feet of any well, etc. 

242 Right of Corporation to drains, etc., constructed, etc., at charge 

of Municipal Fund on premises not belonging to the Cor- 
poration. 

243 All drains and cesspools to be properly covered and ventilated. 

244 Municipal Commissioner may affix pipes to any building, etc., for 

ventilation of drains, etc. 

DisposAii OF Sewage, 

245 Municipal Commissioner may appoint places for emptying of 

drains and disposal of sewage. 

246 Provision of means for disposal of sewage. 
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VVatee-closets, Privies, Urinals, &c. 

Sectiou 

?46A(1) No water-closet or privy for any premises should be con- 
structed except with the written permission of the Muni- 
pal Commissioner w^ho may determine — 

(2) (a) Whether the premises shall be served by a water-closet 

or by a privy, and 

(6) the site or position of each water-closet or privy. 

(3) If any water-closet or privy is constructed in contravention of 

sub-section (1 ), the Municipal Commissioner, w'ith the appro- 
val of the Standing Committee, can demolish the same. 

247 (1) Water-closet and other accommodation, including washing 

and bathing places, should be provided in buildings newly 
erected or re-erected, and 

(2) In prescribing such accommodation the Municipal Com- 
missioner may determine in each case — 

(a) whether water-closet or privy should be erected, and 
{b) prescribe the site or position of each water-closet, privy, 
urinal, or bathing or washing place, and their number. 

248 When any premises are without a water-closet or privy or urinal, 

or bathing or washing place, or such existing accommodation 
is insufficient, inefficient, or on any sanitary grounds objection- 
able, the Municipal Commissioner, with the approval of the 
Standing Committee, may take action for such requirements. 
N.B. — The usual rule of the Health Department is to demand one privy 
seat for every 5 rooms, each occupied as a separate tenement. 
[The standard under the 'Indian Factories Act (XII of 1911) — 
Chapter III (13) J Every factory shall be provided with sufficient and 
suitable latrine accommodation, and if the Local Government so 
requires, with separate urinal accommodation for the persons 
employed in the factory. Provided that the Inspector may, 
subject to such conditions as the local Government may lay down 
in this behalf, by an order in writing exempt any factoryfrom the 
provisions of this section. 

Section 37 (2) {h) : — Standard of Latrine and Urinal 
Accoiumodation. 

22 (1) Every factory which has not been exempted under the proviso 
to Section 13 of the Act, shall be provided with latrine accom- 
modation, which shall be in a place detached from the other 
factory buildings and on the following scale : — 

Seats. 

Where the number of operatives does not exceed 20 . . 1 

Where the number exceeds 20 hut does not exceed 35 . . 2 

Where the number of operatives exceeds 35 but does not 
exceed 50 3 
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Seats- 

Where the number of operatives exceeds 50 but does not 


exceed 150 . . . . - • . - .... 4 

Where the number of operatives exceeds 160 but does not 
exceed 200 . . . . . . ' . . . . . . 5 

Where the number of operatives exceeds 200 . . 1 seat 

for every 
50 or frac- 
tion of 60. 


(2) If females are employed, separate latrines screened from those 

for males and marked in the Vernacular in conspicuous letters 
“ for females only” shall be provided. Those for males 
shall be similarly marked “for men only”. 

(3) In factories which employ more than 100 hands and which do 

not provide flushing arrangements in the latrines one urinal 
shall be provided for every 100 operatives or fraction of 100. 

The standard under the English Eaetory Act is as follows : — 

The accommodation in the way of sanitary conveniences provided in a 
factory or workshop shall be deemed to be sufficient and suitable within 
the meaning of this section if the following conditions are complied with 
and not otherwise ; — 

1, In factories or workshops where females are employed or in atten- 
dance there shall be one sanitary convenience for every twenty-five 
females. 

In factories or workshops where males are employed or in attendance 
there shall be one sanitary convenience for every twenty-five males : 
provided that — 

(a) in factories or workshops where the number of males employed 

or in attendance exceeds one hundred, and sufficient urinal ac- 
commodation is also provided, it shall be sufficient if there 
is one sanitary convenience for every twenty-five males up to 
the first hundred, and one for every forty after ; 

(b) in factories or workshops where the number of males employed 

or in attendance exceeds five hundred, and the district inspector 
of factories certifies in writing that by means of a check system 
or otherwise, proper supervision and control in regard to the 
use of the conveniences are exercised by Officers specially ap 
pointed for that purpose, it shall be sufficient if one sanitary 
convenience is provided for every sixty males, in addition to 
sufficient urinal accommodation. Any certificate given by an 
Inspector shall be kept attached to the general register, and 
shall be liable at any time to be revoked by notice in writing 
from the Inspector. — 

In calculating the number of conveniences required by this Order, any 
odd number of persons less than twenty-five, forty, or sixty, as the case 
may be, shall be reckoned as twenty-five, forty or sixty. 
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2. Every sanitary convenience shall be kept in cleanly state, shall 
be sufficiently ventilated and lighted, and shall not communicate with 
any work-room except through the open air or through an intervening 
ventilated space : provided that in work-rooms in use prior to 1st January 
1903, and mechanically ventilated in such manner that air cannot be drawm 
into the work-room through the sanitai-y convenience, an intervening 
ventilated space shall not be required. 

3. Where persons of both sexes are employed, the conveniences for 
each sex shall be so placed or screened that the interior shall not be visible 
even when the door of any convenience is open, from any place where 
persons of the other sex have to work or pass ; and, if the conveniences 
for one sex adjoin those for the other sex, the approaches shall be separate. 

Section 

249 Power to require privy accommodation, etc., for factories, etc. 
in which persons exceeding 20 in number are employed. 

Unhealthy Pbivies. 

249A When any privy by reason of its not being sufficiently detached 
from any building is likely to cause injury to health, the Munici- 
pal Commissionei’, 'with the previous approval of the Standing 
Committee, may ask for following requirements : — 

(a) To close up such privy and to provide in lieu thereof water- 
closet or privy or urinal as the Municipal Commissioner 
may prescribe ; 

(b) To provide an open “ chowk” within the owner’s own limits, 
3 feet in width, between the said privy and the building. 

260 Provisions as to privies : — 

(а) Open chowk, or air space 3 feet in width ; 

(б) Screen walls ; 

(c) Trap doors not to open into street. 

251 Provisions as to water-closet-. 

261A Position of water-closets and privies ; — 

(а) Not to be directly over or under any room or building other 

than another water-closet or privy or a bathing place, 
bathroom or terrace. 

(б) Not to be within a distance of 20 ft. from any well, &c. 

251B Use of places for bathing or washing clothes or domestic utensils. 

252 Public conveniences. 

Inspection. 

263 Drains, &c., on private premises to be subject to inspection and 
examination. 

254 Power to open ground, &c,, for purpose of such inspection and 
examination. 



30 


Sanitation in India. 


Section 

255 W-hen the expenses of inspection and examination are to be paid 
by the Municipal Commissioner. 

266 When the expenses' of inspection and examination are to be paid 

by the owner. 

257 Municipal Commissioner may require repairs, &c., to drains, 

ventilation shaft, or pipe, cesspool, house-gully, water-closet, 
privy, latrine, urinal, bathing or washing place to be made. 
267A Cost of inspection and execution of works in certain cases. 

258 No person shall — 

(d) Drop, pass, or place, or cause or permit to lie passed, dropped 

or placed into or in any drain, any brick, stone, earth, 
ashes or any substance or matter by which such drain 
is likely to be obstructed ; 

(e) Pass, or permit or cause to be passed into any drains provided 

for a particular purpose, any matter or liquid for the con- 
veyance of which such drain has not been provided ; 

{N.B. — Action for passing dung into drains in milch-cattle stables is 
taken under these sub-sections). 

(/) Discharge into any drain any hot w'ater, steam, fumes 
or any liquid which would prejudicially affect the drain. 
260 Municipal Commissioner may execute certain works, under this 
chapter of the Act, without allowing option to persons concerned 
of executing the same. 

265 Power of carrying water mains, etc. 

267 Prohibition of building and other acts which would injure sources 

of water-supply. 

268 Buildings, &c., not be erected over Municipal water main without 

permission. 

274 Provision as to storage cisterns and other fittings, &o., to be used 
for connections with water-works. 

276 Water pipes, &c., to be kept in efficient repair by owner or occupier 
of promises. 

278 Municipal Commissioner may inspect premises in order to examine 

taps, water fittings, &c. 

279 Power to cut off private water-supply or to turn off water. 

281 Water pipes not to be placed where water wdll be polluted. 

294 Minimum width of new public streets — 40 feet if made for carriage 
traffic Or 20 feet if such streets be made for foot traffic only. 

Pkovisions (.’onoerxing Private Street-s. 

302 Notice of intention to lay out new private streets to be given to the 

Municipal Commissioner. 

303 Level, direction, width and means of drainage of new private streets 

and of the buildings on either side thereof to be determined 
by the Municipal Commissioner. 
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306 Levelling and draining of private streets. 

306 Power to declare private streets when sewered, &c,, to be public 
streets. 

316 Prohibition of tethering of animals in public streets, 

333 Manner of laying gas pipes ; (gas pipes should be at the greatest 
possible distance from water pipes and gas pipes shall be laid 
above the w'ater pipe when it is necessary for a gas pipe to cross 
a water pipe). 

336 Buildings, &o., not to be erected without permission over Municipal 

gas pipes. 

BuHiDiuG Regulations. 

337 Notice to be given to the Municipal Commissioner of intention to 

erect a building. 

338 Municipal Commissioner may require plans and other documents 

to be furnished. 

339 Municipal Commissioner may require plans, &c., to be prepared 

by a licensed Surveyor. 

340 Additional information, &c., may be required. 

341 Effect of non-compliance with requisition under section 338 or 340. 

342 Notice to be given to the Municipal Commissioner of intention to 

make additions, &c., to a building. 

343 Plans and additional information to be called for. 

346 Within 30 days, the applicant must receive a reply of approval 

or disapproval or for production of further particulars. 

347 When work may be commenced. 

PnoviaioNs as to Stbuctxtbb, Materials, &c. 

348 Buildings which are to be newly erected — 

(c) Shall not be constructed on any site which has been filled 

up with exorementitious matter, &c. ; 

(d) Shall have the phnth at least 2 feet above the centre of 

the nearest street ; 

(e) Shall be so constructed that the whole of at least one side 

of every room thereof shall either be an external wall or 
abut on an interior open space. Such external walls 
except where it faces a street of not less than 15 feet in 
width, shall have between it and the boundary line of 
the owner’s premises an open space, extending throughout 
the entire length of such waU, at least two feet wide, or 
in the case of a chawd or building intended to form a range 
of separate rooms for lodgers, at least 5 feet wide. Sucji 
interior open space shall have an area equal to not less 
than 1 /10th of the aggregate floor area of all the rooms abut- 
ting thereon and shall not be in any direction less than 
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6 feet across. And every open space, whether exterior 
or interior, required by this clause, shall be and be kept 
free from any erection thereon and open to the sky and 
shall be and be kept open to access from each end thereof ; 
(/) The rooms shall be in every part at least 10 feet in height 
from the floor to the ceiling, except a room in the roof 
thereof ; 

(g) The room in the roof of a building shall have an average 
height of at least 8 feet from the floor to the ceiling and a 
minimum height of not less than four feet ; 

{h) Every room shall have a clear superficial area of not less than 
100 square feet ; 

(i) The ventilation of each room should be by doors and windows 
which open directly into the external air and have an aggre- 
gate opening equal to not less than Jth of the superficial 
area of the side of the room which faces an open space, 
34:9 Roofs and external walls of buildings not to be of inflammable 
material. 

349A Maximum height of buildings, — 70 feet, 

349B Height of buildings with reference to width of streets. 

363A Completion Certificates ; permission to occupy or use. 

Sanitary Provisions. 

366 Cleansing of streets and removal of refuse. 

367 Provision and appointment of receptacles, depots, and places 

for refuse, &c. 

368 Duty of occupiers to collect and deposit refuse, &o. 

369 Provision may be made by Municipal Commissioner for collection, 

&o., of exorementitious and polluted matter. 

370 OoUeotion , and removal of exorementitious and polluted matter 

when to be provided for by occupiers. 

371 Halalkhor’s duties may not be discharged by private individual 

without Municipal Commissioner’s permission, 

372 Prohibition of — 

(а) Failure to remove refuse, &c. (which should not be allowed 

to accumulate on the premises for more than 24 hours) ; 

(б) Removal of refuse, &c., without proper precautions ; 

(o) Failure to clear away any refuse, &c., which drops during 
removal ; 

(d) Leaving filth carts, &c., unnecessarily in the streets ; 

(e) Throwing or placing refuse, &c,, in any place not appointed 

for the purpose ; 

(/) Allowing filthy matter to flow or soak or to be thrown from 
any premises in such a way as to cause nuisance. 
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373 Presumption as to offender : it shall be presumed that the offence 

has been committed by the occupier of a building or land, if it 
be shown that refuse, etc., was thrown or placed in contravention 
of (e) from that building or land. 

Inspection and Sanitaiiy Regulation op Premises. 

374 Power to inspect premises for sanitary purposes. 

375 Cleansing and lime-washing of any building. 

375 A Removal of building materials which constitute a harbourage 
or breeding place for rats or other vermin. 

376 Abandoned or unoccupied premises. 

377 Neglected premises. Notice for removal of kutchra, rank vegeta- 

tion, &c. 

378 Buildings, U. H. H. (after insxiection by Executive Health Officer 

and Executive Engineer). 

379 Municipal Commis.sioner may call for a statement of accommodation, 

ris., total number of rooms, cubic capacity of each room, &c. 
379A Overcrowded dwellings — (1) Application to be made to a Presidency 
Magistrate who prescribes the maximmn number of persons 
in each room and may require the owner to abate overcrowding 
within 10 days. 

(4) A room used exclusively as a dwelling shall be deemed to 

be overcrowded when the ‘floor space to each adult is 
less than 25 square feet or air-space less than 250 cubic 
feet (two children under ten years of age counting as one 
adult). 

(5) A room not exclusively used as a dwelling shall be deemed 

to be over-crowded when the floor space to each adult is 
less than 30 square feet or air-space less than 300 cubic 
feet (two children under ten years of age counting as one 
adult). 

380 Insanitary huts and sheds. 

381 Pilling in of pools, wells, ponds, quarry holes, drains or water 

courses or low ground which are a nuisance. 

381A (1) Digging or constructing well, tank, pond or fountain. 

(2) Requisition to fill in or demolish well, etc. 

382 Dangerous quarrying may be stopped. 

383 Removal and trimming of trees, shrubs and hedges. 

384 Prohibition as to keeping animals : No person 

(1) (6) Shall Ivcep any animal on his premises so as to be a nuisance 

or dangerous to any person ; 

(c) Shall feed any animal upon excrementitious matter, dung, 
stable refuse, &c. 

(2) Any swine found stiaying may be destroyed. 


3 
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384A Stabling animals or storing grain in dwelling houses may be pro- 
hibited. 

385 Eemoval of carcasses of dead animals. 

Regulation op Public Bathing, Washing, &c. 

386 Places for public bathing, &c., to be fixed by the Municipal Com- 

missioner. 

387 Regulation of use of public bathing places, &c. 

388 Prohibition of bathing, &c., contrary to order or regulation. 

389 Prohibition of corruption of water by steeping therein animal 

or other matter, &c. 

Regulation of Factories, Trades, &c. 

390 Factory, &c., not to be allowed to bo worked without Municipal 

Commissioner’s permission. 

391 Furnaces used in trade or manufacture to'consume their own smoke, 

392 Sanitary regulation of factories, bake-houses, &c, 

393 Prohibition of the use of steam whistle, or steam trumpet without 

Municipal Commissioner’s permission, 

394 Certain things not to be kept, and certain trades and operations 

not to be carried on without a license and except in conformity 
with the terms and conditions of such license. 

396 Prohibition of corruption of water by chemicals, &c. 

390 Inspection of premises used for manufactures under section 394. 

397 Regulation of washing of clothes by washermen. 

Maintenance and Regulation op Marke'xs and iSLAUGHTiiii Houses. 

398 What to be deemed Municipal markets and slaughter-houses. 

399 Provision of new Municipal markets and slaughter-houses, 

400 Municipal markets and slaughter-houses may be closed. 

401 Prohibition of sale in a Municipal market without a liceii.se from 

the Commissioner. 

402 Opening of new private markets. 

403 Private markets not to be kept open without a license from the 

Municipal Commissioner. 

404 Prohibition of sale in unauthorised private market. 

406 Private markets and slaughter-houses to he paved and drained. 
406 Regulations to be framed for markets and .slaughter-houses. 

410 Prohibition of .sale of meat, fish, &c., except in a juarket. (This 

does not apifiy to fresh fish sold from or exiKKsed for sale in a 
vessel in which it has been brought direct to the seashore after 
being caught at sea.) 

411 Butchers and persons who sell the fiesh of animals to be licensed. 
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412 Prohibition of import of cattle, sheep, goat, &c., into the city 

without permission. 

412A License required for dealing in milk. 

413 Inspection of places of sale, dkc. — Municipal Commissioner may 

enter any place where slaughter of animals or sale of flesh con- 
trary to tlie provisions of this Act is suspected. 

414 Provision for inspection of articles exposed for sale for human 

food (includes inspection of animals, carcasses, meat, poultry, 
game, flesh, fish, fruit, vegetables, corn, flour, ghee, milk, &c.) 

415 Unwholesome articles, &c., to be seized. 

416 Perishable articles to be destroyed, viz., meat, fish, vegetables, &c., 

if found diseased, unsound, unwholesome or imfit for human 
food. 

417 Non-perishable articles : — 

(1) Any animal or any article not of a perishable nature seized 

under section 415 shall forthwith be taken before a Presi- 
dency Magistrate. 

(2) If the Magistrate is satisfied that such animal or article is 

diseased, unsound, or unwholesome or unfit for human 
food, ho may cause the same to be destroyed. 

417A Penalty for representing any article (Ghee) to be what it is not. 
Pkbvention of spread op Dangerous Diseases, 

421 Medical Practitioners to give information of existence of dangerous 

disease. 

422 Inspection of places for the purpose of preventing the spread of 

dangerous disease. 

423 Prohibition of use for drinking of water likely to cause dangerous 

disease. 

424 Municipal Commissioner may order removal to Hospital of patients 

suffering from a dangerous disease. 

425 Disinfection of buildings, &c. 

426 Destruction of huts and sheds, when necessary. 

427 Place for disinfection inay be provided. 

428 Persons suffering from dangerous disease not to enter a public 

conveyance without notifying the existence of the same. 

429 Municipal Commissioner to provide ambulances and vans for 

conveyance of patients. 

430 Provisions as to carriage of persons suffering from dangerous 

disease in public conveyances. 

431 Public conveyance which has carried a person suffering from dan- 

gerous disease must be disinfected. 

432 Infected articles not to be transmitted, &c., without previous 

disinfection. 

433 Infected buildings not to be let without being first disinfected. 
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463 


Municipal Commissioner may take special measures on outbreak 
of any dangerous disease {e..g. small-pox, foot and mouth disease 
amongst cattle and glanders in horses). 

Disposal OP the Dead. 

Places for disposal of the dead to be registered. 

Provision of new places for disposal of the dead. 

New places for the disposal of the dead not to be opened without 
pei'iuission of Municipal Commissioner. 

Governor in Council may direct the closing of any place for disposal 
of the dead. 

Governor in Council may sanction the re-opeuing of places, which 
have been closed, for the disposal of the dead. 

Burials within places of worship and exhumations not to be made 
without the permission of the Municipal Commissioner. 

(c) No person shall carry a corpse along any street, along which 
the carrying of corpses is prohibited by a public notice. 
(/) No person shall bury any corpse at a less depth than 6 feet 
from the surface of the ground. 

(gr) No Iverson shall build or dig any grave at a less distance than 
2 feet from the margin of any other grave or vault. 

[i] No person shall re-open a grave or vault for the interment 
of a corpse without the written permission of the I^Iunioipal 
Commissioner. 

Vital Statistics. 

Appointment of registrars for births and deaths. 

Registrars to reside in their respective districts. 

Register books of births and deaths to be supplied. 

Registrars to inform themselves of all births and deaths. 

Information of birth to be given within seven days. 

Information respecting finding of new-born child to be given. 

Officers to be appointed to receive information of deaths at place.s 
for disposal of the dead. 

Information of death to be given at the time when the corpse of 
the deceased is disposed of. 

Medical Practitioner who attended a deceased person in his last 
illness to certify the cau.se of his death. 

Preparation of register books of deaths and of mortality returns, A’c. 

Correction of errors in birth and death registers. (An error of 
fact or substance cannot be corrected except on the production 
of a declaration made before a Magistrate by two persons and 
certified by such Magistrate to have been made in his presence). 

Registration of name of child or of alteration of name. 
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Section T^Kmo of a Census. 

454 to 400 — Taking of a Census. 

Bye-Laws. 

461 The Corporation may make bye-laws with respect to — 

(a) Construction, maintenance, &g., of drains, cesspools, water- 

closets, privies, urinals, &c. ; 

(b) Water-supply ; 

(c) Structure ai walls, &c. 

(d) Provision and maintenance of suflfieient open space for venti- 

lation of buildings ; 

(e) Provision of house-gullies ; 

(/) Control and supervision of all dangerous and offensive trades. 

(g) Construction, &c., of milch-cattle stables ; 

(h) Cleanliness, &c., in dairies ; 

(j) Notice whenever any mUch animal is suffering from any 
dangerous disease ; 

(J) Inspection of markets, slaughter-houses, &c. ; 

(1) Control and supervision of butchers ; 

(w) Regulations for Municipal markets, &o. ; 

(p) Regulations for places for disposal of the dead ; 

(q) For accurate registration of births and deaths. 

462 Punishment may be imposed for breach of bye-laws. 

463 Bye-laws must be confirmed by Government. 

Penalties. 

471 Prescribes penalties. 

472 Continuing offences to be punished after first conviction with a 

daily fine. 

473 Offences punishable under the Penal Code. 

474 Punishment for acquiring share or interest in contract, &c., with 

the Corporation. 

475 Punishment of offences against section 267. 

476 Punishment of offences against section 391, 

477 Extent of penal responsibility of agents and trustees of owners. 

479 (3) Licenses and wTitten permissions may be suspended or 

revoked by the Municipal Commissioner. 

482 Consent, &o., of Commissioner may be proved by written docu- 

ment under his signature. 

Service of Notices, &o. 

483 Notices, &c., to be served by persons authorised by the Municipal 

Commissioner. 

484 Service of notices, &c,,how to be effected on owners of premises 

and other persons. 
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486 Service of notice, &c., on owner” or “ occupier” of premises 
how to be effected — 

(а) By giving or tendering the said notice, &c., to the 

owner or occupier ; 

(б) If the owner or occupier is not found, by giving or 

tendering the said notice, &c., to some adult male 
member or servant of the family of the owmer or 
occupier ; 

(c) If none of the means aforesaid be available, by 
causing the said notice, &e., to be affixed on some 
conspicuous part of the building or land to which 
the same relates. 

486 The three last sections (483, 484 and 486) are inapplicable to 

Magistrates’ summonses. 

487 Signature on notices, &c., may be stamped. 

Power of Entry. 

488 Municipal Commissioner, &c., may enter any premises for purposes 

of inspection, survey or execution of necessary work. 

Enforcement of Orders to execute Works, &c, 

489 Works, &c., which any person is required to execute may in certain 

cases be executed by the Municipal Commissioner at such person’s 
cost. 

Recovery of Exi'enses by the Commissioner. 

491 Expenses recoverable under this Act shall be payable on demand ; 

and, if not paid on demand, may be recovered as an arrear of 
property tax. 

492 If the defaulter is the owner of premises in respect of which expenses 

are payable, the occupier to be also liable for payment thereof. 
499 In default of owner, the occupier of any premises may execute 
required work and recover expenses from the owner. 

600 Limitation of liability of agent or trustee of owner. 

607 Remedy of owner of building or land against occupier w'ho prevents 

his complying with any provision of this Act. 

608 Power to summon witnesses and compel production of documents. 

Proceedings Before Magistrate. 

613 Cognizance of offences by Presidency Magistrates. 

614 Complaints of offences shall he made before Magistrates within 

three months next after the commission - of such offence. 
616 Complaint by any person concerning nuisances may be made to a 
Magistrate. 

616 Offenders against this Act may in certain cases be arrested by 
Police Officers. 
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Section Legal PROOBEDiNoa. 

517 Provisions respecting institution, &c., of Civil and Criminal actions 
and obtaining legal advice. 

621 All Municipal servants are public servants -vvithm the meaning 
of section 21 of the Indian Penal Code. 

522 Co-operation of Police for carrying into effect and enforcing pro- 

visions of this Act. 

523 Computation of time. Protection of Municipal Officers or sen'^ants 

acting under this Act against suits. 

POWERS DELEGATED TO THE EXECUTIVE HEALTH 
OEEIOER and STAFF. 

Under section G8 of the Bombay City Municipal Act, the Municipal 
Conimissioner empowers any of the Municipal Officers to exercise, perform, 
or discharge, as the case may be, several powers, duties, and functions 
conferred or imposed upon or vested in the Commissioner by the several 
sections, clauses and sub-sections of the said Act mentioned hereafter : — 
Ex. H. 0., Assistant H.Os., 

Sections. — 84 (subject to certain limitations prescribed by rules), 92, 
112, 228, 234, 240, 243 sub-section (2), 246A, 248, 249, 249A, 260 
sub-section (2), 251, 251B, 253, 257, 258, clauses (a), (6) and (c), 368, 
374, 375, 375A, 377, 379, 379A, 380, 381, 381A sub-sections (1) 
and (2), 384A, 394, 396 sub-section (1), 410 sub-section (1), 412 
sub-sections (1) and (2), 412A, 413 sub-sootion (1), 416, 416, 422, 
424 sub-section (1), 425 sub-section (1), 427 sub-section (3), 479 
sub-section (5), 488 and 517 clause (a). 

Head Supervisor, Medical Inspectors, Supervisors, Assistant Super- 
visors and Assistant Sanitary Inspectors: — 

Sections: 253, 374, 396(1), 412A, 413(1), 415, 424(1), 427(3), 479(6) 
& 488. 

Veterinary Inspectors : 

Sections 374, 413(1) & 488. 

Medical Assistants, )Semor Overseers, Conservancy Overseers, Malaria 
Overseers and Milk Sub-Inspectors : — 

Sections 253, 374, 396(1), 412A, 424(1), 427(3), 479(5) & 488. 
Nurses, Veterinary Overseers and Disinfecting Sub-Inspectors : — 
Sections : — 374 and 488. 

SUMMARY OF BYE-LAWS MADE BY THE MUNICIPAL 
CORPORATION UNDER SECTION 461 OF 
THE MUNICIPAL AOT. 

Bye-laws with bespeot to Buildings. 

“ Plinth" means the portion of the external wall between the level 
of the street and the level of the first floor above the street, and, except 
in the case of stables, godowns, and buildings of the warehouse class, shall 
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in no part be less than 2 feet above the level of the centre of the adjacent 
portion of the nearest street or below such standard level as may from time 
to time be fixed by the Commissioner. 

“ Topmost storey ” means the uppermost storey in a building, whether 
constructed wholly or partly in the roof or not, and whether used or con- 
structed or adopted for human habitation or not. 

“ Public building," except where otherwise defined, means a building 
used or constructed or adapted to be used, either ordinarily or occasionally 
as a place of public worship, or as a hospital, college, school (not being 
merely a dwelling house so used), hotel, restaurant (not being merely 
a shop so used), theatre, public hall, public concert-room, pubbc lecture 
room, pubbc exhibition-room, or as a public place of assembly or enter- 
tainment for persons admitted thereto by tickets or otherwise, or used or 
constructed or adapted to be used, either ordinarily or occasionally, for 
any other public purpose, 

“ Building of the warehouse class" means a warehouse, factory, manu- 
factory, brewery, or distillery, or other place in which operations are con- 
ducted by mechanical power, 

“ Domestic building" means a dwelling house or an office building or 
other out-budding appurtenant to a dwelbng-bouse, whether attached 
thereto or not, or a shop or any building not being a public budding, or a 
building of the warehouse class. 

“ Dwelling-house" means a budding used or constructed or adapted to 
be used wholly or principally for human habitation. 

“Masonry-walled building" means a budding the external wads of which 
are constructed of brick, stone or other similar material, without the aid of 
timber, iron or steel framing. 

“ Frame-building" means a budding the external walls of which are 
constructed of timber, iron, or steel framing, fiUed in or wholly or partiaUy 
covered with brick, stone, iron plates, or other material, and the stabdity 
of which depends mainly upon such framing. 

“Open building" means a shed or other structure consisting of a ground 
floor storey covered with a roof erected on posts without any fiUing 
between such posts, either of masonry, iron sheets, or any other materials, 
and no such structure shad be deemed to be the subject of, or referred 
to, in any of the following bye-laws save where the expression “ open” 
budding is used to denote the same. 

“Gomposite building" means a budding of which part is masonry- waded 
building, and part is either open budding or frame budding, or a budding 
of which part is open building and part is frame building, to each of which 
classes of building, the bye-laws relating to masonry-waded budding, 
open buildings and frame buildings, respectively, shall apply. 

“Ghawl" means a building so constructed as to be suitable for letting 
in separate tenements each consisting of a single room, or of two rooms 
but not of more than two rooms. 
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“ Brick" means an artiiieially made block of clay or of Lime and sand 
prepared under pressure with steam or of sand and Portland cement, each 
not exceeding 10 inches in length, 5 inches in breadth and 3i inches in 
depth and capable of sustaining pressure of not less than 450 lbs. to the 
square inch. 

“ W ater-cloaRt" . — {a) Every water-closet to be separated from any room 
intended to be used for human habitation by a dead wall, which shall 
be lined internally to a height of six feet with a smooth impervious non- . 
absorbent coating of neat Portland cement not less than half an inch in 
thickness, or of glass, glazed tries or polished marble. 

{b) Every water-closet should have a window of not less than 3 square 
feet opening upon an external open space. 

(c) The entrance to such water-closet should he through a lobby or 

bath-room having at least one window, or through a gallery 
which is entirely open to the outer air on one side. 

(d) A water-closet should not be constructed within a distance of 

3 feet from the boundary of the owner’s premises, provided 
that this rule shall not operate to prevent a water-closet being 
constructed to abut on a street or service passage or open space 
intended to be permanently reserved as such. 

“ Brivi/ ” : — 

(a) Every privy should have on each side, except the entrance side, 

an open space, 3 feet in width, within the owner’s own limits 
and open to the sky. 

(b) The entrance gallery or communicating bridge should be at least 

3 feet in width and open to the external air on both its sides 
and be shut off from any portion of any dwelling house by a 
closely fitting door. 

(c) Every privy should have a window in one at least of the walls 

of not less than 3 square feet opening upon an external open 
space. 

(d) Each privy should have its w'alls lined internally with a smooth 

impervious non-absorbent coating of neat Portland cement 
not less than half an inch in thickness or of glass, glazed tiles 
or polished marble to a height of not less than five feet above 
the floor of such privj'. 

Cellabs, &c. 

Except with the written permission of the Municipal Commissioner 
no person shall construct any cellar, vault, or underground 
room, either under or as part of a building, or otherwise. 

Paving, Ac., of floors and damp-proof courses for walls — 

(а) every water-closet, privy, urinal, washing or bathing place and 

water room included in such work, and wherever situate, and 
every portion of every ground floor and also — 

(б) In the case of a chawl — 

(i) every part of each floor included in such work, and 
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{ii) every communicating passage on an upper floor included in 
such, work, and not being an external verandah, to be laid or 
paved with stone, slate or non-absorbent tiles laid on cement, 
or with asphalt, cement, koba or other durable material 
impervious to moisture. 

Damp-proof course — In the case of masonry buildings, the owner shall 
provide, in each brick wall included in such work which is below 
the level o|^ the lowest floor, a damp-proof course, which shall consist 
of sheet lead, asphalt, slates laid in cement, vitrified bricks or any 
other durable material, impervious to moisture. 

Provided, however, that it shall be in the discretion of the Commissioner 
by order in writing to dispense with either or all of the details provided 
for in this bye-law in any case in w'hich, in his opinion, this can properly 
be done. 

Provided also, in the case of buildings other than chawls timber flooring 
may be allowed to be superimposed on the concrete or other impervious 
material. 


Gonstruciion of moris . — “Every person who shall undertake construc- 
tion work on a building shall construct the nahanis or moris in such 
building in such manner that between the joists and mori there 
shall be a complete slab of stone or other impervious material ; if 
of stone the slab shall be not less than 2" in thickness, if of reinforced 
concrete not less than 3" in thickness, and if of iron not less than 
in thickness. Such slab of impervious material shall be inserted 
lY into the surrounding wall and shall have a bearing to the same 
extent over the timber .supports, the sides being made water-tight 
by cement to the satisfaction of the Municipal Commissioner.’’ 


Oonstnieiion of Staircase . — Where the staircase is in a dwelling 
house, and is not otherwise ventilated, it shall be ventilated at the top 
by means of a window, or a ventilator or a sky-light in the roof. 

With respect to the provision and maintenance of sufficient open space, 
either external or internal, about buildings to secure a free circulation of air, 
and of other means for the adequate ventilation of buildings (clause (d), section 
461). 


1. Every person who shall undertake construction work on a building 


(а) Area bounded by 
Rampart Bow, Esplanade 
Eoad, Hornby Boad, Tort 
Street, Mint Boad, Custom 
House Boad. 

(б) Area bounded by 
Camac Boad, 1st Marine 
Street, Queen’s Boad, La- 
mlngton Boad to Bellasis 
Boad, Morlaud Boad to 
Sankli Street, I’arel Boad 
to Babula Tank Boad, Jail 
Road Bast, Dongree Street 
to 1st Chinch Bunder Boad 
to G. I. P. Railway A G I. P. 
Railway to Carnac Road. 

Excluding Improvement 
Trust Estates. 


shall, if such building is situate tvithin either of 
the areas scheduled in the margin hereof, cause 
the whole of at least one side of every room 
included in such work and intended for human 
habitation to abut on an interior or exterior 
open air apace of the width or dimensions, and 
fulfilling the conditions hereinafter prescribed 
for such open air spaces respectively or on an 
open verandah opening on to such an interior 
or exterior open air space as aforesaid. 
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(ffl) Every such interior open air space shall be ol a minimum width in 
accordance with the following scale : — 


Minimum width of in- 
terior open air space 
throughout 


10 feet. 
12 „ 
14 „ 
16 „ 
18 » 
20 „ 


Where height of building 
{above the plinth) ad- 
joining the interior 
open air space does 
not exceed 

22 feet. 

*44 „ 

55 „ 

66 „ 

Where height exceeds 66 feet 


(b) Every such exterior open air space shall, subject as hereinafter 
provided, extend throughout the entire length or depth, as the case may be, 
of the building on the side of which such room so abuts and shall, unless 
the same is a street, be maintained for the benefit of such building exclusively 
and its minimum width shall, subject to Bye-law 4 below, be in accordance 
with the following scale, varying according to the variation (if any) in the 
height of such building where it immediately adjoins such open air space, 
that is to say : — 


Minimum width of ex- 
terior open air space 
throughout 

10 feet. 

12 ,. 

14 „ 

16 ,. 

18 „ 

20 „ 


Where height of building 
above the plinth does 
not exceed 

22 feet. 

33 „ 

44 „ 

66 „ 

66 „ 

Where height exceeds 66 feet. 


Provided that in determining the exterior open air space required, any 
neighbouring open air space which is assured by legislative enactment, or 
by Municipal Bye-laws, or by contract to be permanently and irrevocably 
appropriated as an open air space, may be treated as a permanently open 
air space required for the purposes of this Bye-law. 

Provided further that an exterior open air space 10 feet wide within the 
plot on which such room is situate shall be considered sufficient for the 
purposes of this Bye-law if the following conditions are satisfied : — 

(а) that at least one-fourth of the site as defined by Bye-law 2 is 

kept open to the sky and unbuilt upon above the first floor 
level, and 

(б) that the building is not more than 44 feet high above plinth level 

where such building abuts on the said 10 feet node open airspace, 
and that if more than 44 feet high above plinth level such 
bui Iding is set back 1 foot for every extra 2 feet in height. 


2. The following provisions shall have effect with respect to 
construction work on a building on land previously unbuilt upon or on 
which buildings of a moveable or temporary character only shall be standing 
or shall have stood previously or which is situated in any area of the City 
other than those scheduled in Bye-law 1 : — 

Every person who shall undertake on such land construction work on 
a building including work .such as is referred to in Section 342 (a) of the 
Act but not including work such as is referred to in Section 342 (b), (c), (cc) 
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or {d) of the Act, shall provide adequate means of access for external air on 
its front and rear sides and shall provide every room intended for human 
habitation or capable of being so used with adequate means of access for 
external light and air to the satisfaction of the Commissioner in accordance 
with the following rules : — 

Definitions. 

L The plane contained between the ground in front of the building 
and the straight lines drawn downwards and 
“Front air outwards from the line of intersection of the 

outer surface of anj’ front wall of the building 
with the roof perpendicular to that line, and at an anglef' of 63|-° to the 
horizontal is for the purposes of these rules described as “ front air plane.” 

Note . — the 63J° angle has a tangent of 2 :1 ; so, if the ground is level, 
the air plane reaches the gronnd at a distance from the exterior wall equal 
to half the height of the wall above the level of that ground. 

II. The plane contained between the ground behind the building and 
the straight lines drawn downwards and outwards 
" Bear air plane”, from the line of intersection of the outer surface 
of any rear wall of the building with the roof 
perpendicular to that line, and at an angle of 
63J° to the horizontal is for the purposes of these rules described as a 
“ rear air plane.” {vide Diagram No. 1.) 

DIAGRAM N9 I 

SHEWING THE 63f REAR AIR PLANE 



ENCBOAOHING OH THE AlB SPACE ABOVE THE AIR PLANE TO THE 
BIGHT OP THE VERTICAL DOTTED LINE. 
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In a]] oases it shall rest with the Commissioner to decide which are the 
rear walls of the building. 

Note . — In case of the front or rear wall of a building being curved or 
irregular’, the front or rear air plane shall be as determined by the Com- 
missioner. 

Ill, The 2 Dlane lying between the line of intersection of the floor of any 
room in a building with the outer surface of an 

Light, plane". e.Tterior wall of the building And the straight 

lines drawn upwards and outwards from that 
line i)erpcndicular thereto and at angle of 031° to the horizontal is for the 
2 rarpoae.s of these rules described as a “ light plane”, [vide Diagram II.) 

DIAGRAM NP|1 

SHEWING THE | REAR LIGHT PLANE 
I 
I 

1 



note: — the light plane KHLE KEQOlitES THAT THERE SHALL BE NO 
ERECTION ENCROACHING ON THE AIR SPACE VERTICALLY ABOVE 
THE LIGHT PLANE TO THE LEFT OP THE VERTICAL DOTTED LINE. 

Note . — ^For the purposes of the above definition of light plane the outer 
surface of any verandah abutting ou an interior or side open space shall bo 
considered to be the exterior wall of the building. 
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“ Permanently open air IV. An air space is deemed to be permanent - 
apace." ly open if — 

(i) it is encroached upon by no structure of any kind, and 

(ii) its freedom from encroachment in future by a structure of any 

kind is assured either by legislative enactment or by Municipal 
Bye-laws or by contract or by the fact that the ground below 
it is a street or is permanently and irrevocably appropriated 
as an open apace : 

Provided tliatin determining the open air space required in connection 
with oonstruction work on a building, any space occupied by an existing 
structure znay be treated as if it were already a permanently open air 
space if it is ultimately to become a permanently open air space when this 
Bye-law is applied to the said existing structzzre or to any building to be 
erected on the site of the said existing structure. 

V. For the purposes of these rules, the word “site” shall include not 

» Site". only the land actually covered by the building, 

but also the laud at the front, rear and sides of 
such building required by these rules to be left open and the words “ an 
inseparable part of the site ’’ shall mean that 
" Inseparable part of paffc of the site which is the property of the 
the site”. owner of the land on w'hich the building stands . 

Standards. 

VI. Subject to rules VIII and IX a building is deemed adequately 

provided on its front and rear sides with means 
" Front and rear air of access for external air, if the whole space 
space”. vertically above all its front and roar air planes 

is a permanently open air space. 

VII. Subject to Rules VIII to X a room is deemed adequately provided 

with access for external light for the purpose 
" Lighting of rooms for of human habitation, if the whole space, verti- 
human habitation.” cally above at least one of its light planes is a 

permanently open air space. 

Minimum front, rear and side open spaces around buildings, 

VIII. No building shall be erected within 16 feet from the centre line 

of any street as determined by the Commissioner 
" Front”. and every butlduig not fronting on a street shall 

have a permanently open air space in front 
thereof not less than 15 feet rvide forming an inseparable part of the site 
of such building. 

IX. Every building shall have a permanently open air space in thz. roar 

" Rear”. not less than 10 feet in width, such air space 

forming an inseparable part of the site. 

X. Every habitable room not receiving its light and air from cither the 

front or rear of a' building in accordance with the 
“ Side”. 03^° rule shall have whole of one side thereof 

abutting on a permanently open air space of 
not less than. 10 feet in width. 


t > 
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3. Every person who shall undertake construction work on a 
building shall in cases not provided for under Bye-Laws 1 and 2 cause 
the whole oi at least one side of every room included in such work 
whether or not such room shall be used or capable of being used or intended 
to be used in whole or in part for human habitation or for the purpose 
of domestic or other use or occupation or for the purpose of or for the 
carrying on therein of any trade, business or other occupation, to abut 
on an interior or exterior open air-space at least 10 feet in width. 

4. (1) Every person who shall undertake construction work, other 

than that described in section 342 (6), (c), (cc) or 
Buildings built away W of the Act, on a building situated away 
from streets. from a street, shall provide, in front of the said 

building and extending throughout its entire 
frontage an open air space at least half as broad as the building is high. 
Such open air space shall form an appurtenance of such building alone and 
of no other and shall be inclusive of any means of access required under 
these Bye-laws. In the event of any dispute as to what constitutes the 
front of such building the same shall be referred to the Commissioner whose 
decision shall be final. 

(2) Every building on which construction work, other than that describ- 
ed in section 342 (b), (c), (cc) or (d) of the Act, is 
^80 undertaken and which or any portion of which 
comes, or, after alteration, will come witlun the 
definition of a “ dwelling house” as defined by 
these Bye-laws, and w'hich, or any portion of which, is distant more than 80 
feet from the street nearest to such building shall so far as it lies at a greater 
distance than 80 feet aforesaid abut on an oj)en air space at least half as 
broad as the building is high and co-extensive with the external walls of 
the said building and such open air space shall form an appurtenance of the 
said building alone and of no other and the said open space shall be provided 
with suitable and sufficient means of access to the satisfaction of the 
Commissioner. 

5. No addition to a building shall be allowed unless the addition is 
such as would be permissible if the whole building were reconstructed from 
the plinth with the open spaces required under the Bye-laws appropriate to 
the site of the building and no addition to a building shall be allowed 
which would diminish the extent of open air space below the minimum 
which is required by the Bye-law.s appropriate to the site of the 
building. 

(j. Every open space, whether exterior or interior, provided in 
pursuance of these Bye-laws, shall be, and be kept, free from any erection 
thereon and open to the sky, and no cornice, roof or weather shade shall 
overhang or project over the said open space so as to reduce the width to 
less than the minimum provided by these Bye-laws. No open drain, except 
for rain water, shall be constructed in any open space required by these 
By-law's. 


Buildings more tl 
feet In depth from 
line. 
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7. Every person ’who shall erect a storey on a building intended to be 
used as a dwelling shall construct every room 
Trovisions as to height, intended to be inhabited in that storey, except 
Ui'^dwelling^ a room in the roof thereof, so that the same 

shall be in every part at least ten feet in Inught 
from the floor to the ceiling. 


He shall so construct every such room in the roof of such building that 
the same shall have an average height of at least 8 feet from the floor to the 
ceiling, and a minimum height of not less than four feet. 

He shall so construct every such room that the same shall have a clear 

„ „ . , , superficial area of not less than one hundred 

Superficial area of rooms. v 

square feet. 


He shall so construct every such room that the same shall be ventilated 
by means of doors or windows which open direct- 
Ventilation of rooms. ly into the external air, and have an aggregate 
opening equal to not less than one-fourth of the 
superficial area of that side of the room which 

faces an open space. 

8. In back to back rooms, and other single or two rooms tenennents 

in addition to any other means of ventilation 
Through Ventilation. required in these bye-laws, every such room shall 
have a ventilator of at least 3 square feet in area 
near the top of each of two of the walls of such room and such ventilators 
shall be as far as practicable opposite to each other. In the case of upper 
rooms, one of such ventilators may be represented by a ridge ventilator 
or ventilating tiles. 

9. Every corridor in a chawl shall he and shall he kept open to the 

open air at each of its ends. Every such corrido r 
Corridors in Chawls, which is more than fifty-five feet in length shall 
be provided at intervals of not more than fifty- 
five feet with an opening on both sides of the corridor of not less than five 
feet square communicating wholly with the open air to its full height. 


The separation between the corridor and such air shafts shall be by a 
parapet waU not exceeding four feet in height or by an iron-railing. 


With respect to the provision and maintenance of suitable means of Access 
to buildings {clause (dd), section 461). 


10. Every person who shall erect a building shall provide as means of 
access to such building a pathway not less than 8 feet in width from a street 
to the door of such building, such pathway to be, so long as it is used as 
a means of access to that building, maintained free from any obstruction 
and shall not at any time cause or permit any portion of any building below 
a height of twelve feet to ovenhang or project over or into such passage. 

He shall indicate upon any plan, required to he furnished by him under 
section 338 or 343, the whole area of such means of access by a distinguish- 
ing colour and description. 
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He shall not at any time erect or cause or permit to be erected or re- 
erected any building which in any way encroaches upon or diminishes the 
area so set apart for this purpose. 

The space so set apart shall be separately distinguished from any 
house-gully or open space required to be provided under any other bye-law 
made under this Act. 

1 1. A person who shall undertake construction work on a building shall 
not reduce the access to any building previously existing below the minimum 
width of eight feet. 

12. The means of access under these bye-laws shall not be deemed to 
be suitable and sufficient until they have been approved by the Commission- 
er who shall have power to prescribe the street with which they shall 
communicate. 

13. Every person who shall commit any breach of any of the foregoing 
bye-laws shall be punishable with fine which may extend to twenty rupees, 

and in the case of a continuing breach, with 

Penalties. fine which may extend to ten rupees for every 

day after conviction for the first breach or 
after receipt of written notice from the Commissioner to discontinue the 
breach, during which the breach continues. 

14. Whenever, under any of the foregoing bye-laws the doing or the 

omitting to do a thing or the validity of any 

Evidence of exercise of thing depends upon the sanction, permission, 
power, duties or functions. approval, order, direction, requisition, notice or 
satisfaction of the Commissioner, a written 
document signed by the Commissioner or by any Municipal Officer to whom 
the Commissioner may have delegated his powers, duties or functions, in 
that behalf, purporting to convey, or set forth his sanction, permission, 
approval, order, direction, requisition, notice or satisfaction, shall be 
sufficient prima facie evidence of such sanction, permission, approval, order, 
direction, requisition, notice or satisfaction. 

16. Notwithstanding anything in the foregoing bye-laws, it shall be 
in the discretion of the Commissioner by written permission — 

(a) to permit any of the dimensions prescribed by any such bye-law 

to be modified in respect of a building ; or 

(b) to exempt from the operation of the said bye-laws, or any of them, 

any temporary structure intended to stand for a shorter period 
than three months ; 

but subject in each case to such conditions, if any, as he may think proper 
to attach to such permission or exemption. 

Under Section 461 clause (f). — Summary of Bye-laws for the control and 
supervision gf premises used for offensive trades, <fcc., under section 394 of 
the Act. 

1. Written application to be made by the applicants for licenses. 

2. Owners to furnish the names of occupants. 

3. License-holders to afford facilities for examination of premises. 


4 
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Premises used for maniifaduring, dbc., cloths in indigo or other colours : — 

4, License-holders not to store materials not required for imme- 

diate use. 

5, To adopt the best means of rendering vapours innocuous. 

6. To cleanse premises daily. 

7. To iceep floors, &e., in good repair. 

8 To beep drying ground free from hollows, &c. 

9. T<j maintain drainage in good order. 

Premises used for mamifacturing, A:c., blood, bones, candles, cat gut, 
fat, manure, meat, offal, oil-cloth, soap and tallow : — 

10. License-holders to cause premises to be cleansed daily and cause 

refuse fragments to be collected and removed. 

11. All receptacles to be kept clean. 

12. To store materials not required for immediate use so as to 

prevent emission of affluvia. 

13. To adopt best means of rendering vapours innocuous. 

14. To keep all internal surfaces of walls and floors in good order. 

15. To lime-wash the interior twice a year or oftener. 

Ifj. To maintain drainage in good order. 

17. To maintain ventilation in good order. 

18. To adopt and maintain appliances, &c., for preventing nuisance 
15). Buildings used for storing not to be inhabited. 

Premises used for preparing hides or skins ; — 

20. Premises to be swept daily, and hair, flesh, &c., to be collected 

and removed. 

21. To cause implements and apparatus to be kept clean. 

22. To cause waste lime to be removed from premises with proper 

precautions. 

23. To cause walls to be scraped or otherwise cleansed periodically 

and interior to be lime-washed. 

24. To cause walls and floors to be kept in good repair to prevent 

absorption of noxious matter. 

25. To maintain drainage in good order. 

Premises used for storing or pressing hides or shins 

26. To lime-wash the interior periodically, 

27. To maintain ventilation in good order. 

28. Buildings used for storing not to be inhabited. 

29. These do not apply to the storing of properly tanned and dressed 

leather. 

Premises used for manufacturing, t&c., cotton refuse or seed, fins, fish, 
horns, hoofs, hair, rags and wool, etc . : — 

30. Premises to be kept thoroughly clean. 

31. The interior to he lime-washed periodically. 


ij 
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32. To maintain drainage in good order. 

33. To maintain ventilation in good order. 

34. To adopt and maintain appliances, &c., for preventing nui.<jance. 

So. Buildings used for storing not to be inhabited. 

36. License-holders to furnish names of all owners of animals stn bled. 

37. Dung not to be deposited so as to pollute water. 

38. Floors to be paved so as to prevent soakage. 

SUMMARY OF STABLE BYE-LAWS. 

Bye-laws relating to Milch Cattle Stables. 

1. A license-holder shall not at any time of the day or night keep in 
any one stable or shed erected on the licensed premises a larger number 
of Milch Cattle than 100. 

2. A license-holder shall not use for keeping Milch Cattle any stables 
on the licensed premises which does not fulfil the following conditions 
namely : — 

(a) its height .shall be not less than twelve feet measured from 
the floors of stalls to the wall-plate ; 

(d) it shall have an open space of not less than fifteen feet in 
width all round it, such width to be measured from the outer 
sides of the external posts ; 

(c) its floor surface shall be at least one foot higher than the mesne 
level of such surrounding open space, and its situation shall 
be such as to admit of its being properly drained into a drain 
or place legally set apart for the discharge of drainage ; 

(d) it shall be open on all sides to such surrounding open space, 
but may be fitted with screens or weather boards that may 
be approved of ; 

(e) it shall be so constructed as to afford floor space not less than 
twelve-and-a-half feet in length by five feet in breadth for each 
cow or buffalo to be stabled therein, such space to be inclusive 
of space occupied by any manger, central or side drain, or 
central passage. 

3. A license holder. &c., to give, ivhen asked, the correct name of each 
person who owns any of the milch cattle and the number of milch cattle. 

4. Dung not to be deposited so as to pollute water. 

5. Floors to be paved so as to prevent soakage. 

6. Receptacles for dung, &c., to be provided. With floor not lower 
than surface of adjoining ground and to be so constructed as to prevent 
escape or soakage of contents, and to be furnished with cover. 

7. Gowlis not to sleep in stable, and lofts, &c., not to be inhabited. 

8. Paved surface for washing animals to be provided. 

9 Drainage to be maintained in good order. 

10. Premises to be thoroughly cleansed daily. 
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11. Not more than four days’ supply of hay, grass or straw to be 
stored at any one time. 

12. Storage of hay, &c., not to curtail minimum space for animals. 

13. No lire to be allowed near hay, &c. 

14. To bring out animals for inspection if required. 

Licensed premises and premises occupied by dairy men and 
milk sellers. 

15. To provide water from Municipal main. 

16. To alter (if required) licensed premises not fulfilling requirements 
of next succeeding bye-law as to new' Dairies or Cattle sheds. 

17. Eegulations for construction of new dairies or cattle sheds are 
as follows : — 

(fl) The roof to be tiled or covered with inflammable material. 

(b) The floor to be paved throughout with suitable impervious 

material. 

(c) The stable to be fitted with manger and if necessary under 

the rule, to be provided with a passage between the two 
rows of mangers. 

(d) The stable to be drained by an open ovoid drain. 

18. Not to be within 15 feet from any street or 25 feet from any 
dwelling house. 

19. Milk not to be sold or kept in dwelling houses, &c. 

20. Internal surfaces of w'alls and ceilings to be lime-washed 
periodically. 

21. rioors, counters, shelves, &c., to be cleansed. 

22. Water from Municipal mains and approved wells only to be used 
for washing milk vessels. 

U ider clause (h). — Regulations for securing cleanliness of milk shops 
and milk vessels : — 

1. I\Iilk not to be sold in dweIling-house.s, &Cj- 

2. Internal surfaces of walls and ceiling.s of every room, in which milk 

is kept or sold, to be limewashed twice at least in every year or 
ofteiier if so required by thq Commissioner. 

3. Milk vessels to be rinsed and thoroughly cleansed before and 

after use. 

4. Water from Municipal mains and approved wells only to be used 

for washing milk vessels. 

Under clause (j) — Precautions against any contagious or infectious disease : — 

1. Immediate notice to be given of any outbreak of sickness, and sick 

animals to be segregated. 

2. Sickness in a Municipal milch cattle stable should be reported in 

the first instance to the ramoshi in charge. 

3. Milk of diseased animals not to he sold or used for domestic purposes. 
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4. No person suffering from dangerous or infectious disease to be per- 

mitted to sell or distribute milk. 

5. No person engaged in sale or distribution of milk to come in contact 

or communication with diseased persons. 

SUMMARY OF BYE-LAWS RELATING TO HORSE AND 
BULLOCK STABLES. 

1. License holders shall not at any time of the day or night keep in 
any one stable a larger aggregate number of hor.ses or cattle or of horses 
and cattle than 100. 

2. A license holder shall not use for keeping horses or cattle on the 
licensed premises any stable which does not fulfil the following conditions 
namely : — 

(a) The height in no part to be less than 12 feet. 

(b) It shall have an open space of not less than 15 ft, in width 

all round it within the boundary of the licensed premises. 

(c) It shall be open on all sides to such surrounding open space, 

but may be fitted with screens or weather-boards that may 
be approved of. 

(d) It shall be so constructed as to afford sufficient floor space for 

each horse stabled therein. 

(e) To separate each pair of animals to be stabled therein from 

the next pair, a permanent fixed partition being required 
to be provided. 

(/) The low'est floor space of the stable to be higher than the mesne 
level of the surrounding open space referred to in clause (b) 
and to be suitable for drainage. 

3. All open spaces around and between the stables or elsewhere 
upon the licensed premises to be provided wuth stone and drained. 

4. A license holder, etc., to give when asked, the correct name of each 
person who owns any of the horses • or cattle and the number of such 
animals. 

5. Dung not to be deposited so as to pollute water. , 
fi. Floors to bo paved so as to prevent soakage. 

7. Receptacles for dung, etc., to be provided with floor not lower than 
the surface of the adjoining ground and to be so constructed as to prevent 
escape or soakage of contents and to be furnished with cover. 

8. Cartdrivers and other persons not to live or to sleep in stables and 
ofts, etc. 

9. Paved space for washing animals to be provided. 

10. Drainage to be maintained in good order. 

1 1. Premises to be thoroughly cleansed daily. 

12. Not more than 4 days’ supply of hay, grass or straw to be stored 
at any one time. 

13. No fire to be allowed near hay, etc. 
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14. To provide sufficient water supply from Municipal main. 

15. To bring out animals for inspection if required. 

16. License-holder to give immediate intimation about any outbreak 
of infectious disease, seggregation of sick animals, etc. 

17. The stable to be fitted with manger and if necessary under the 
rules, to be provided with a passage between the two rows of manger. 

18. Not to be within 15 feet from any street or 25 feet from any 
dwelling house. 

19. Drainage work to be done in accordance with the Municipal 
drainage ttules. 

20. Plans to be submitted for any addition, extension, etc. 

Under clause (p) — Bije-lau'S for regulating and Maintaining all places for 
disposal of dead : — 

1. A person shall not, without the previous written permission of the 

Commissioner, cause to be erected or put up in any burying 
ground under the immediate control and management of the 
Commissioner, any tombstone or other permanent mark showing 
the position of any grave, 

2. No grave shall be re-opened for another interment within 12 months, 

when the body of a person has been buried without a coffin. 

3. In case of burial in vnlined u'ooden coffin, no grave shall bo re-opened 

for another interment within 18 months. 

4. In case of burial in a coffin composed of or lined with tin, lead or other 

metal, no grave shall be re-opened for another interment within 
a period of 7 years. 

5. Regulations for graves : — 

(a) All graves shall be made in regular lines. 

{b) AU graves should he properly filled in, &c. 

G. All places for the disposal of the dead shall be kept clean and in 
good order. 

7. No person shall retain a corpse on any premises, wdthout buniin", 

burying or otherwise lawfully disposing of the same, for more than 
24 hours. 

8. Corpses for removal to Kerbela : — 

(а) No such corpse shall be retamed on any premises other than 
a registered place of burial. 

(б) No such corpse shall be retained for more than tw'o months 
without Municipal Commissoner’s sanction. 

(c) Every .such corpse shall be enclosed in a suitable dammered 
box, soldered metal case, coffin, or other covering so as not 
to cause any nuisance. See, 

[d] In case any such corpse shall, during the time it is awaiting 
removal, be, found to be oSensive or otherwise a nuisance, 
immediate steps shall be taken to have the coffin, or other 



I ‘■ 


» * 





Bye-laws he : Maeket, etc. 


66 


covering put into proper order in suck a manner as to 
render the corpse completely inoffensive. 

9, Coffins intended to he removed beyond the limits of the City of 
Bombay by sea or rail shall be protected by an outer casing 
or cover so as to guard against damage in transit. 

10. No such coffin shall be removed beyond the limits of the City of 

Bombay except under a certificate of the Health Officer stating 
that such coffin is in tit state to be removed. 

11, In Municipal burning and burial grounds, fees sliall bo charged 

according to the scale fixed. 

BYE-LAWS EELATING TO MARKETS AND SLAUGHTER- 
HOUSES. 

1 . Every tenant or occupier of any shop, stall, godown, or standing 

in a Municipal market shall at all times afford free access thereto 
for purposes of inspection to the Commissioner, the Health Officer 
or the Superintendent, or to any Municipal Officer appointed 
in that behalf by the Commissioner. 

2. A tenant or occupier of any shop, stall, godown, or standing in a 

Municipal market shall not cause or allow any goods, provisions, 
marketable commodities dr articles to be deposited or exposed 
for sale in or upon such shop, stall, godown, or standing, so that 
such goods, provisions, marketable commodities or articles or 
any part thereof shall project beyond the line of such shop, stall 
or godown, or beyond the limits assigned to such standing so as 
to obstruct the jpassage of any person or of any goods, provisions, 
marketable commodities, or articles in or through the market or 
any part 1, hereof. 

3. Every tenant and occupier of any shop, stall, godown or standing 

in any Municipal market shall daily arrange his goods before 
the hour of 6 a.m. and shall remove or put them away, and, in 
the case of a tenant or occupier of a shop, stall or godown, close 
such shop, stall or godown before the hour which may for the 
time being be prescribed by the Commissioner as the hour for 
closing such market, so as to admit of the market being tho- 
roughly cleansed. 

4. Every tenant and occupier of any shop, stall, or godown in a Muni- 

cipal market shall cause the same to be kept in a cleanly condi- 
tion, shall allow no refuse or garbage to remain about it, but 
shall cause the same to be put in a tub, bo.x, or basket and to 
be carried to the proper receptacle. 

No person shall waste the water supplied in any Municipal market 
by the Corporation. 

5. Every tenant and occupier and every servant of a tenant or occupier 

of any shop, stall, godown or standing in any Municipal market 
shall at all times be decently and properly dressed when present 
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in the market ; and no tenant or occupier of a stall at which 
meat or fish is sold shall sit in or upon his stall so as to he in 
contact with such meat or fish. 

6. No person shall bring any dog, or knowingly permit any dog to 

follow him, into any Municipal market. 

7. No person shall in any Municipal market smoke, spit the juice of 

“ pan-supari”, or wilfully or negligently throw' or drop in or 
upon any avenue or passage of such market or any of the im- 
mediate approaches thereto, any orange peel, vegetable substance, 
or other matter whatsoever to the danger or damage of any 
person. 

8. No person shall loiter or stand in any of the avenues or passages 

of any Municipal market or its immediate approaches to the 
annoyance or obstruction of any person. 

9. No person shall remove any meat or offal from any Municipal market 

without first wrapping the same up in cloth or paper so that 
it shall not be exposed to the public view. 

10. No person shall sleep in or on any shop, stall, godown, or other 

place within the limits of any Municipal market, 
tl. No person shall ply for hire as a helkari or cooly in any Municipal 
market unless he be in the service of a tenant or occupier of 
some shop, stall, godown or standing in such market, or be 
brought into such market by a person resorting thereto for the 
purpose of purchasing therein. 

12. Every person plying for hire as a helkari or cooly as aforesaid shall 

wear a badge on the sleeve on his left arm granted to him by 
the Superintendent, for which a deposit of Re. 1 will he required, 
together with the name and address of the holder to he entered 
in a register kept for the purpose, and such badge may he with- 
drawn at any time. 

13. Every person to whom a license has been or may be granted by 

the Commissioner, under Section 403 of the Act, to keep open 
a private market, shall cause such market to be properly lighted 
to the satisfaction of the Commissioner by gas or oil lamps or 
electricity from sunset until the hour which may for the time 
being be prescribed by the Commissioner as the hour for closing 
such market. 

14. Every person to whom a license has been or may be granted by 

the Commissioner, under Section 403 of the Act, to keep open 
a private market, shall comply -with the following regulations 
for securing and maintaining such market in a proper sanitary 
condition 

(a) He shall twice at least in every year, and oftener if required 
so to do by the Commissioner, cause the said market 
to be limewashed both internally and externally to the 
satisfaction of the Commissioner. 
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(b) He shall once at least in every two years, and oftener if 
required so to do by the Commissioner, cause all wood- work 
or iron work in the building of the said market to be painted 
to the satisfaction of the Commissioner. 

15. A person bringing an animal intended for slaughter to the Municipal 

slaughter-houses at Bandra shall present such animal for inspection 
to the Superintendent or his Assistant at the fair ground attached 
to the said slaughter-houses (and which forms part of the 
slaughter-house premises) at least 48 hours before the time at 
which such animal is intended to be slaughtered, and shall pay 
the fair ground fee for such animal according to the scale for 
the time being in force. 

16. The Superintendent or his Assistant for the time being in charge 

at the fair ground shall inspect and examine every animal so 
presented, and shall cause to be branded rvith some distinctive 
mark (but in such manner as not to cause pain) every such 
animal which he may consider fit to be slaughtered for human 
food. 

17. An animal so marked wiU, on payment of a slaughter and carrying 

fee at the rate for the time being in force, be admitted for slaughter 
into the inner yard of the slaughter-houses, provided that no 
animal shall be permitted to pass into the inner yard of the slaught- 
er-houses at a later hour in the day than 5 p.m. during the period 
from 1st October to 28th February, or than 5-30 p.m. during the 
period from 1st March to 30th September, 

18. The Superintendent or his Assistant rvhose duty it is to inspect 

any animal presented for inspection shall reject any such animal 
as for any reason may appear to him unfit to be slaughtered 
for human food. The owner of an animal so rejected shall cause 
" it to be forthwith removed from the slaughter-house premises. 

19. A person shall not under any circumstances pass or attempt to 

pass into the iimer yard of the slaughter-houses any animal which 
has not been inspected and branded as fit for slaughter (as aforesaid) 
under Bye-law 16. 

20. Any animal which has not been branded as aforesaid found within 

the inner yard of the slaughter-houses wiU forthwith be removed 
from the slaughter-house premises, and if it appears to be 
diseased, unsound, or unfit for human food, will be dealt with 
pursuant to the provisions of Sections 415 and 417 of the Act. 

21. Should the carcass of an animal which has been inspected and 

branded as aforesaid be found after slaughter to be diseased, 
unsound, or otherwise unfit for human food, it will, notwith- 
standing the animal was so branded, be dealt with pursuant 
to the provisions of Section 416 of the Act. All fees paid in 
respect of the animal, except the slaughter-fee in the case of 
animals slaughtered, will be refunded on application to the 
Superintendent. 
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22. A person bringing a pig intended for slaughter to the Municipal 

slaughter-house for pigs at Sonapore shall present such pigs for 
inspection to the Superintendent, or his Assistant in charge, at 
the slaughter-house who shall inspect and examine every pig so 
presented, and shall pass every such pig as he may consider fit 
to be slaughtered for human food. A pig so passed will, on pay- 
ment of such slaughter-fee as may from time to time be fixed 
by the Commissioner with the approval of the Standing Committee, 
under the provisions of Section 407 {a) of the Act, be admitted 
for slaughter in the said slaughter-house.’ Provided that no 
slaughtering shall, without the previous special permission in 
writing of the Commissioner, be permitted in such slaughter-house 
except at night between the hours of sunset and sunrise. 

23. («) A tenant or occupier of any shop, stall, godown, or standing in 

a private market shall not for any longer time or in any other 
manner than shall be reasonably necessary for the conveyance 
of any goods, provi.sions or makctable commodities to or from 
such shop, stall, godown, or standing, or any part of such market, 
place or deposit or cause or allow to be deposited in any passage 
or place adjoining such shop, stall, godown, or standing or else- 
where in such market, or in any of the immediate approaches 
thereto, any hamper, crate, basket, box, barrel, or other receptacle 
for any goods brought into such market for the purpose of 
sale or of exposure for sale. 

{b) A tenant or oeupier of any shop, stall, godown, or standing in 
such market shall not cause or allow any goods, provisions, mar- 
ketable commodities, or articles to be deposited or exposed for 
sale in or upon such shop, stall, godown or standing so that such 
goods, provisions, marketable commodities, or articles, or any 
part thereof shall project beyond the line of such shop, stall, 
or godown, or beyond the limits as.signed to such standing, so 
as to obstruct the pas.sage of any persona or of any goods, pro- 
visions, marketable commodities, or articles in or through the 
market or any part thereof. 

(c) Every tenant and occupier of any shop, stall, or godown in such 
market shall cause such shop, stall, or godown to be kept in a 
cleanly condition, and shall allow no refuse or garbage to remain 
about it, but shall cause the same to be put into a tub, box, or 
basket, and to be carried to the proper receptacle. 

24. Every person to whom a license has been or may be granted by 

the Commissioner, under section 403 of the Act, to keep open a 
private market shall cause or procure to be laid into the premises 
a water-connection of not less than one inch in diameter from 
the Municipal water main, and shall cause such connection and 
all fittings thereof to be kept at all times in proper order and 
efficient action so as to provide for use on the premises a sufficient 
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supply of water for the purpose of thoroughly washing and 
cleansing the premises. 

He shall cause all filth, garbage and refuse w'hich may be produced 
or may accumulate in any part of such market to he iiromptly 
i-emoved, in such a manner and with such precautions as not to 
create a nuisance in the process of removal, to such public 
receptacle, depot, or place as may for the time being be provided or 
appointed by the Commissioner for the temporary deposit thereof. 
He shall cause such market to be thoroughly swept and cleaned 
to the satisfaction of the Commissioner each morning and evening, 
and to be washed down every evening. 

He shall cause every stall or bench, on which articles of food or 
drink are kept or exposed for sale, to he thoroughly cleansed daily 
and every board or place on which meat or fish is kept to be 
scraped. 

Every person to whotti a license has been or may be granted by 
the Commissioner to keep open a private market shall observe 
and comply with the following regulations for the proper ventila- 
tion of such market : — 

(u) A clear open space of not less than 30 feet in width shall 
be maintained around the market. 

(h) At least one entrance of not less than 10 feet in width shall 
be maintained in front of the market if the said market 
does not exceed 00 feet in length in front ; if it exceeds 
that length, then at east two entrances, each of not 
less than 10 feet ih -width, shall be maintained. 

(c) In all cases in which gates are provided to any entrance 

to the market, such gates shall be constructed of iron 
work or open wood-work. 

(d) The entrances shall be so placed as to secure a free circulation 

of air throughout the market. 

(e) The walls of roof columns shall not be less than 20 feet in 

height from the floor of the market to the wall plate, or 
tie bar, and no lofts or other similar structures shall be 
erected under the roof. 

(/) The roof shall have ridge ventilation throughout their length 
and shall be fitted with movable louvre boards or shutters 
-which can be closed in wet weather. 

In the space between each roof truss and under the projecting 
eaves of gutter way, an opening shall he kept at the top 
of the W'all for not less than half the length of the space 
and not less than 18 inches deej). This opening may 
be grated or covered -with wire netting to keep out birds. 

(h) If the market has brick or masonry built w'alls, there shall 

be in every 10 feet of waU length at least one window 
of not leas than 8 feet in height by 4 feet in width, and 
such windows shall be not less than 8 feet above the floor 
level. 

(i) If the market is supported on pillars and has open sides 

fitted mth shutters, such shutters shall be so arranged 
and fitted as not to obstruct veutilation. 
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26. Passages or spaces not less than 8 feet in width shall he maintained 
between the rows of stalls or benches in each market. 

The following are the Sections of the Bombay District Municipal Act 
of 1901, corresponding to those of the Bombay City Act : — 



District 
Municipal 
Act Sections. 

Bombay 
City Act 
Sections. 


Definitions 

3 

3 

Power to make Bye-laws 

48 

461 

Obligatory Duties of Municipalties . . 

54 

61 

Powers of Expenditure of Municipalties 

56 

63 

Taxes to be imposed . . 

59 

139 

Publication of sanctioned rules with notice . . 
Power to fix a special rate in lieu of special 

62 

460-467 

sanitary cess . . 

Powers to require repairs, etc., to private 

71 (2) 

172 

streets and to declare such streets public 
streets 

90 (3) 

90 (4) 

i 305 

Notice of intention to erect new buildings . . 
Right to proceed with new buildings if no 

96 

337 

reply received within one month . . 

96 (4) 

345 

Definitions of “to erect a building” . . 

96 (6) 

337(2) 

Municipal control over drains 

99 

220 

Powers for making drains 

100 

222 

Sufficient drainage of houses . . . . 

101 

228 

Cesspool if no drain within 50 ft 

Powers of owners and occupiers of buildings 

101 {a) 

231-232 

to drain into Municipal drain . . . . 

Right to carry drain through land belonging 

102 

228 

to other persons . . 

103 

230 

Provision of privies 

106 

248 

„ for workmen exceeding 20 . . 

106 (2) 

249 

„ for screening privy from view 

Power of demolishing privy, etc., which is a 

106 (3) 

250 

• nuisance 

107 (2) 

249A 

Encroachments on Municipal drains 

110 (2) 

223 

Inspection of drains 

Execution of drainage works without allow- 

111 

253 

ing option 

112 

230 

Ruinous or dangerous buildings 

Powers with regard to dangerous, stagnant 

119 

354 

or insanitary sources of water supply 
Obstructions and encroachments on public 

120 

381 

streets 

122 

308 

Dangerous quarrying . . 

126 

382 

Depositing dust, refuse, filth, etc 

127 

372(e) 

Discharging sewage 

128 

372(/) 

Non-removal of filth, etc 

129 

372 (/) & 377 

Filthy buildings 

131 (1) 

377 

Buildings U. H. H 

131 (2) 

378 

Deserted or offensive buildings 

131 (3) 

1 376 

Power to enter and inspect buildings. . 

132 

374 
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District 
Municipal 
Act Sections. 

Bombay 
City Act 
Sections. 


Using or storing offensive manure 

136 

377 & 372 

Feeding animal on filth 

137A 

384(c) 

Consumption of smoke . . ‘ . . 

138 

391 

Licensing opening, closing, & letting of mar- 
kets & slaughter houses 

139 & 140 

402 & 403 

Search for and inspection of unwholesome 
food . . 

142(1) («) 

412 to 416 

Perishable articles to be destroyed and non- 
perishable to be taken before a Magistrate 

142(1) (b) 

416 

Bombay Prevention of Adulteration Act, 
Ghee Act . . . . * . . 

142(2) 


Powers to be conferred for prevention of 
dangerous diseases . . 

144(1) (2)^ 


Duties of Municipality on threatened or 

V 

421 to 433 

actual outbreak of dangerous diseases 

145 J 


Duties in respect of diseases among cattle . . 

147 

434 

To abate overcrowding 

148 

379,379-A 

Closing of places for the disposal of the dead 

160 

438 

Regulation of trades . . . . . . • . . 

151 

394 

Prohibition of steam whistles 

151A 

393 

Service of notices 

154 

483 to 485 

Municipality may carry out works and re- 
cover expe^ises 

156(1) 

489 & 491 

Improvement expenses . . 

166(1)(6) 

494 

Entry for purposes of the Act 

159 

488 

Municipality may prosecute for any public 
nuisance within six months next after 
the commission of such offence 

161 

514(3montha) 

Power to compromise or compound . . 

166 

517 

Powers of Police officers . . . . . . 

168 

622 

Collector’s powers of suspending execution 
of orders, etc., of Municipalities . . 

174 


Governor in Council may require any City 
Municipality to appoint a Chief Officer, 
Health Officer or an Engineer 

177 


Power of Government to provide for per- 
formance of duties in default of Municipal- 
ity 

178 


Power of Government to supersede Municipa- 
lity in case of incompetency or abuse of 
powers . . 

179 


Constitution of City Munieipalties . , 

181 


City Municipality may appoint Chief Officer, 
Health Officer and Executive Engineer . . 

182 

74 . 

Powers of Chief Officer. . 

183 


Chief Officer’s powers of appointment and 
punishment 

184 


Delegation of Chief Officer’s powers . . 

185 


Appointment of Municipal Commissioner 

180(A) 

;• 54, 

Powers of Municipal Commissioner . 

186(fif) 


Delegation of powers of Municipal Commis- 
sioner . . 

186(w) 

68 
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BOMBAY ACT No. V OF 1890. 

(Municipal Servants’ Act.) 

Whereas it is expedient to make better provision in the City of Bombay 
and elsewhere for the enforcement of regulations regarding certain classes 
of Municipal servants whose functions intimately concern the public health 
or safety, and regarding the duties, withdrawal from duty, and leave of 
such servants ; It is enacted as follows : — 

Short Title. 1- (1) This Act may be cited as the Bombay 

Municipal Servants’ Act. 

Coirnnencement and (2) It shall come into force in the city of 
extent. Bombay at once. 

(3) The Governor in Council may, by notification, extend all or any 
of its provisions, on and after a day not less than two months after the 
date of such notification, to any Municipal district in the Bombay Presi- 
dency. 

He may also cancel or vary such notification consistently with the 
provisions of this Act. 

Interpretation. 2.(1) Unless there be something repugnant in 

the subject or context, all words, used in this 
Act, shall have respectively the meanings assigned to them in the City 
of Bombay Municipal Act, 1888. 

(2) This Act shall, in so far as it affects the 

Act to 1)0 read with City of Bombay, he read with the City of 

Municipal Acts in force. Bombay Municipal Act, 1888, and in so far as it 

affects any other part of the Presidency of Bom- 
bay, shall he read with the Bombay District Municipal (a) Act, 1901 (a). 

3. (1) Any Municipal officer, servant or other 
naSon!'^* wittidrawa? 'tid employed by, or on behalf of, the Corpo- 

absence from spccillcd ration or a Municipality to perform any of the 
^'^**®®* duties specified in the schedule, who — 

(а) without the written permission, in the City of Bombay of the Com- 
missioner or a person by him deputed in that behalf, and elsewhere of .the 
officer authorised by the Municipality to give such permission, resigns 
his office without at least two-months’ notice given inwTiting to the Com- 
missioner or person by him deputed, or to such officer, or withdraws or 
absents himself from the duties thereof, except in case of illness or accident 
disqualifying him for the discharge of such duties or other reason accepted 
as sufficient by such Commissioner or person by him deputed, or such 
officer, or 

(б) is guilty of any wilful breach or neglect of any provision of law 
or any rule or order which as such municipal officer, servant or ot her person 
employed by, or on behalf of, the Corporation or a Municipality it is 
his duty to observe or obey, or 

(c) who abets an offence under clause (a) or clause (6), shall he liable 
to forfeit his pay accruing due under a current term of service, and arrears 
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of pay due for a term of not more than one month, and in addition to such 
forfeiture and any other penalty which may be imposed on him under 
any enactment or rule for the time bcin^ in force, shall be liable, on con- 
viction by a Magistrate, to imprisonment which may extend to three 
months or to fine, or to both imprisonment and fine : 

Provided that if any sw:h officer, servant or other person produces a 

Provisos. certificate signed by the Medical officer appoint- 

ed in the City of Bombay by the Commissioner, and elsewhere by the 
Municipality in tiiis behalf, of a j)re.sent incapacity to perform his duties 
which will probably endure. for a month or more, the necessary permission 
to resign shall forthwith be granted : 

Provided further that no fee shall be taken from a person on account 
of such certificate as aforesaid or of examination in connection therewith. 

(2) The provisions of clauses (a) and (b) of sub-section (1) shall not 
apply to persons at the date of the passing of this Act in the employment 
of the Corporation or of a Municipality until the lapse of two months from 
such date. 

two° imaiths' uuticTor with “ 4. (1) The Commissioner or officer author- 

sijrvi(,'L‘s_ after tender of jz -d by the Municipality under section 3 {a), may: 

{a) at his discretion, accept any resignation to take effect at a time 
less than two mouths from the, date thereof, or 

(6) at any time after any Municipal officer, servant or other persons 
employed as aforesaid, has tendered his resignation, dispense with the 
services of such officer, servant or person. 

(2) Any such officer, servant or other person whose services are dis- 
pensed with under sub-section (1), clause (b), shall, subject to any 
agreement in w’riting previously made between him and the Corporation or 
Municipality or its representative, be entitled, in addition to any wages 
w'hich he may have earned at the date of tendering his resignation, to 
fifteen days’ w'ages or to wages for such period longer than fifteen days, 
as his service.? may, after such tender of resignation, have been retained by 
the officer authorized in that behalf. 

5. (1) It shall be lawful for the Governor in Council on the request 
of the Corporation or of a Municipality from 

Power of Governor in time to time, by notification, to declare that from 

Council to acid to schedule. a date to be fixed therein which shall not he less 
than tw'o months from the date thereof, any 
specified class of duties which concern the puhlio 
health or safety, shall be deemed to be included in the schedule to this 
Act, and from the date fixed on that behalf in such notification the pro- 
visions of section 3 shall ai>ply to all persons employed by, or on behalf of, 
the Corporation or a Municipality to perform any duty of the class so specified 
in such notification. 

(2) The Governor in Council may withdraw such notification and may 
from time to time cancel or vary the same consistently with the preceding 
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clause and with the other provisions of this Act, and may also limit the 
operation of any notification to any Municipality or place wherein this 
Act is in operation. 

6. Every person employed by, or on behalf of, the Corporation or a 

Copies of Act to be Municipality to perform any of the duties set 
supplied at Nominal price forth in the schedule, shall, on entering the 
to empioyeofa. service, and every person now so employed 

shall forthwith, receive gratis, and shall at any time thereafter, on payment 
of one anna, be entitled to receive in the City of Bombay from the Municipal 
Commissioner for the City of Bombay, and elsewhere from the President 
of a Municipality, a copy of this Act and of the notifications issued there- 
under, applicable to such person or to the class to which he belongs, in the 
English, Marathi, Gujarathi, Canarese or Sindhi language. 

SCHEDULE. 

{Vide Section 3.) 

Duties which vender the provisions of section 3 applicable to the persons 

employed by, or on behalf of, the Oorporation or a Municipality to perform 
them. 

Class I. — ^Duties connected with the public health : 

(ct) scavongihg or cleansing streets or premises, 

(b) clean.sing or flushing drains, 

(c) removing or disposing of excrementitipus or polluted matter 

from houses, latrines, privies, urinals, or cesspools, 

(d) removing carcasses, 

(e) preventing nuisances generally. 

Class II. — ^Duties connected with the public safety ; 

Duties of — ' 

(a) members of a fire-brigade, 

(b) persons, however designated, employed on, or in connection 

with, the maintenance or service of any municipal water-work, 

drain, pumping station or fire hydrant, including — 

(1) inspectors, 

(2) sub-inspectors, 

(3) foremen, 

(4) mechanics, 

(5) drivers, 

(6) watchmen, 

(7) labourers, 

(8) workmen, 

(c) lamp-lighters. 

[a-a] The reference to Bombay Acts VI of 1873 and IT of 1884 is 
altered in accordance with Bom, III of 1901, s. 2 (1) proviso (c). 

SUMMARY OP BOMBAY ACT NO. V OP 1925. 

2. This Act may be called the Bombay Prevention of Adulteration 
Act, 1926, 
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2. Definitions of food, local area and local authority. 

3. Prohibition of mixing of food with injurious ingredients or selling 
the same. 

Exemption in case of proof of absence of knowledge. 

4. Prohibition of sale or manufacture for sale of food not of the proper 
nature, substance or quality. 

Protection to persons acting in good faith. 

What is or is not a good defence in prosecutions under this section. 

5. Penalty for false warranty. 

6. Appointment of public analyst, 

7. Poorer to purchaser of an article of food to have food analysed. 

8. Appointment of Inspector. 

9. Inspector may obtain article or sample of food and submit to analyst. 

10. Dealing with the article of food or sample when purchased. 

Provision when article or sample is not divided. 

1 1 . Person refusing to sell food to inspector liable to penalty. 

12. Offence by which magistrate triable. 

13. Summons when to be applied for and what it is to contain. 

14. Certificate of public analyst to be evidence of facts therein stated. 

Reference to Chemical Analyser to Government. 

Ifi. Certificate of analyst other than public analyst as evidence. 

16. Public analyst to attend court in person. 

17. Entry for purposes of the Act. 

15. Liability ftn' acts done in good faith in discharge of duty or exercise 
of power. 

19. Power to make rules lor carrying out the provisions of this Act. 

SANITARY ADMINISTRATION OF A PORT. 

The Port Health Authority consists of a Port Health Ofiicer, appointed 
and paid by Government, and his assistants, whose duties are to carry 
out the inspection of shipping entering and leaving the harbour, and the 
disinfection of ships and crews. 

In exercise of the powers conferred by section 6, sub-section (1), clause (p), 
of the Indian Ports Act, 1908 {XV of 1908), as amended by the Indian 
Ports (Amendment) Act, 1911 (IV of 1911), and in supersession of regulations 
relating to dangerous, infectious or contagious diseases and the disposal 
of dead bodies on vessels published in Government Notification No. 5331, 
dated the 6th July 1915, the Governor in Council is pleased to make the 
following regulations in respect of the following diseases : (1) Small-pox, (2) 
Chicken-pox, (3) Measles, (4) Plague, (5) Cholera, (6) Yellow Eever, (7) 
Sleeping-sickness, (8) Typhus, (9) Scarlet fever, (10) Jigger, (11) Acute 
Pneumonia, (12) Influenza and (13) Cerobro-Spinal Meningitis occurring 
on vessels coming to or leaving ports in the Bombay Presidency (excluding 
Sind) and Aden or for the time being in port therein, and in respect of any 

5 
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death on a vessel not carrying a medical officer coming to or leaving any 
port witbiii the said area or for the time being in any port therein. 

Part I. — Definitions. 

In these regulations — 

(1) “ Health Officer” means any person appointed by Government, 

either by name or by virtue of his office, to be Health 
Officer of a port, and includes an additional or Assistant 
Port Health Officer and any officer appointed by Govern- 
ment, either by name or by virtue of his office, to perform 
any of the duties of a Health Officer of a port ; 

(2) (a) Except as provided in clause 1 (3) “ healthy vessel” means 

a vessel -which, even though coming from an infected port, 
has not had on hoard any death from, or any person 
suSering from, any of the diseases enumerated in the 
preamble either at the time of departure, or during the 
voyage from the last port of call, or on arrival; 

(6) “ Lntected vessel” means a vessel which has on board one or 

more cases of any of the diseases enumerated in the preamble, 
or on board of which a case of any of those diseases has 
occurred either during the voyage from the last port of call 
or in the event of such voyage exceeding 12 days, within 
the twelve days or (in the case of plague and cholera seven 
days) immediately preceding her arrival at a port in British 
India; 

(c) “ Suspected vessel” means a vessel on board of which there 

has been a case of any of the diseases enumerated in the 
preamble, at the time of departure or during the voyage 
from the last port of call, but on hoard of which no fresh 
case of such disease has occurred within the twelve days 
or (in the case of plague and cholera seven days) immediately 
preceding her arrival. 

(3) (a) Every vessel which has come from the East coast of Africa 

within the limits of port Sudan and Durban or from any 
other locality declared to be infected with sleeping-sickness 
or jigger is a “suspected vessel” for the purposes of these 
regulations, unless during the voyage there has been one 
or more cases or suspected cases of either of these diseases 
on board when it -will be considered as “infected vessel 
{b) Every vessel which has within a period of two months 
immediately preceding her arrival started from, or touched 
en route at, a port infected -with yellow fever or communi- 
cated (except oraUy without contact or by signal) -with a 
vessel either infected or which has left an infected port 
within that period is a “ suspected vessel” for the purposes 
of these regulations, unless within the same period there 
has been on board a case or suspected case of yellow 
fever when it -will be considered an “infected vessel”. 
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(4) The term “ infected”, when used with reference to any articles, 

includes all articles considered by the Health Officer to be 
infected with any of the diseases in question ; 

(5) The term “ infected port” means any port which Government 

may, by notification, declare to be infected ; 

(6) “ Master ”, when used with reference to a vessel, means any 

person (except a pilot or harbour master) having for the 
time being cliarge or control of the vessels ; 

(7) “ Port Officer” includes any person acting under the authority 

of Government in charge of port discipline ; 

(8) “ Medical Officer ” (of a vessel) means any person holding 

medical charge of a vessel who is in possession of a certificate 
or diploma in medicine and surgery of a recognised univer- 
sity or medical school and registered in the country in 
which he obtained it. 

Part II. — Vessels AKEmifG at Ports in Bombay Presidency 
EXCLUDING Sind and Aden. 

2. The master of every suspected or infected vessel, arriving at any 
port, subject to these rules, shall hoist a signal which shall be — 

by day the Code Flag over Flag L of the Commercial Code, which is a 
square flag of yellow and black borne quarterly, and 
by night three lights, at a height of not less than 20 feet above the 
hull of the ship, which shall be arranged at a distance of not less 
than six feet apart, in the form of an equilateral triangle, and of 
which the light at the apex of the triangle shall be white and the 
lights at the ends of the base shall be red, 
and shall report every such case or death that may have occurred from any 
of the causes enumerated above, or in the case of a vessel not carrying a 
medical officer any death from any cause, to the pilot or other boarding 
officer at the earliest opportunity, and shall also comply, on arrival at such 
place as may be appointed in this behalf by Government, with such 
regulations as may be made by Government in regard to — 

{i) signalling the name of the port from which the vessel has come, 
(ii) stopping at a particular place, 

{Hi} refraining from communication with the shore, and 
{iv) taking measures for giving effect to the present regulations. 

3. If the vessel be at anchor within port limits when such disease first 
breaks out or such death occurs, the master shall hoist the signals 
specified in rule 2. 

4. The pilot or other boarding officer shall promptly report the ciroum- 
stauces of the case to the Port Officer, who shall immediately forward any 
report so made, or give notice of any signal hoisted, to the Port Health 
Officer. 
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5. (1) When any healthy vessel except as otherwise provided in clause 
(3) is within sight of a port in British India, the master may intimate the 
fact by signal. 

(2) Such intimation shall ordinarily be accepted by the Port Officer 
and if so accepted, the Health Officer need not visit the vessel, which may 
be considered to have pratique. 

(3) The master of a healthy vessel on which unusual mortality 
among rats has been observed shall hoist the signals specified in 
Regulations 2. 

Past III. — Berthing op Vessels. 

6. {a) If the number of deaths from or cases of the diseases enumerated 
In the preamble, with the exception of plague and yellow fever, does not 
exceed tw'o, the vessel will not be prohibited from taking up the usual 
place for anchorage in the harbonr or port, except that she may not enter 
the docks without the written permission of the Health Officer, and the 
passengers and crew not suspected of having any of the diseases in question 
need not, except in the case of pilgrim and emigrant .ships and, those m-t 
carrying a medical officer, be detained on hoard pending the inspection 
of the Health Officer. The master of the vessel shall be responsible that 
no one of the passengers or crew, except those referred to above, is allowed 
to leave the vessel before inspection by the Health Officer, and shall prevent 
the landing of infected bedding, clothes, or other personal effects which 
he has reasonable cause to consider likely to be infected. 

(b) If the number of cases or deaths within the previous twelve days 
has exceeded two, or wffien from their occurrence on pilgrim or emigrant 
ships or for other special reasons, furtlier precautions may be deemed 
advisable, the pilot, or in his absence the master, shall keep hoisted by 
day or night, as the case may be, the signals prescribed by regulation 2 
and shall anchor the vessel in the place appointed for the purpose and 
not allow any of the passengers or crew to leave the vessel except with 
the permission of or under such instructions , as may be issued by the Health 
Officer. 

7. If a case of yellow fever or of plague or unusual mortality among 
rats has occurred on board, the vessel shall not take up the usual place of 
anchorage pending the visit of the Health Officer ; in the meanwhile the 
vessel shall stop at such place as Government may by order provide. 

8. So long as the signals prescribed by regulation 2 are shown, no tindal 
or other person in charge of or navigating any boat shall, without the per- 
mission of the Health Officer, attempt to take it alongside such vessel. 

Part IV. — Inspection of Vessels. 

9. Whenever the Health Officer receives the notice referred to in regula- 
tion i, he shall, without unnecessary delay, proceed on board and examine 
the vessel, and the master shall give him every facility for the examination 
of the pas.sengers, crew, personal effects, cargo, and any part of the ship 
the Health Officer thinks necessary. The Health Officer may require 
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a declaration on oath from the medical officer (if any) of the vessel or from 
the master or from both, whether any death or sickness from an unknown or 
suspicious cause, or any cases of any of the diseases enumerated in the pre- 
amble, has occurred on board the vessel either during the voyage or before 
her departure, and with reference to plague whether any unusual mortality 
has been observed among rats. If the Health Officer is satisfied that such 
deaths as may have occurred were not due to any of the causes enumerated 
in the preamble, he shall permit the vessel to proceed to the usual place 
of anchorage and to discharge passengers and cargo, without any further 
restrictions. If he is not so satisfied, he shall proceed as provided in these 
regulations. The inspection by the Health Officer will ordinaiily take 
place between sunrise and sunset. 

10. As a result of every inspection the Health Officer shall classify 
the vessel as infected, suspected, or healthy, in accordance icith the defini- 
tions given in Part I. 

11. On the completion of the inspection prescribed by regulation 9, 
such of the passengers and crew as have been detained tinder regulation 6 
(a) but who are found to be free from any of the diseases in question and 
unlikely to carry infection shall be allowed to land. All baggage, personal 
effects and cargo, except such articles as the Health Officer is entitled to 
disinfect, may also be landed. 

12. If a case of any of the diseases enumerated in the preamble occurs 
on any vesvsel after she has entered dock or has been moored at a wharf 
the master shall forthwith cause information thereof to be given to the 
Dock Master or Superintendent of the Wharf, who shall communicate the 
information to the Health Officer ( through the Port Officer ) and to the 
Superintendent of Police, and shall ^be responsible that the sick person 
shall he isolated as much as possible, and that the free communication with 
the wharf is stopped until the Health Officer has inspected the vessel. 

Part V. — Removal oe the Stck. 

13. When on inspection the Health Officer considers it necessary in 
order to prevent the spread of disease, he shall take the measures indicated 
in Part VI of these regulations as the case may be. 

14. Unless a vessel shall have had communication with the shore under 
the proviso to regulation 44, and except as provided for under regulations 
19 (2) and 34 the removal of sick passengers is not to be enforced in the case 
of persons bound for an onward port unless under the clearest necessity of 
which the Health Officer shall be the judge, and in every such case a special 
report explaining the reasons for the action taken must be submitted by 
the Health Officer to Government. 

15. The Health Officer shall inform the Municipal Health Officer in all 
cases in wdiich he arranges for the conveyance of a patient to a sanitarium 
or hospital or other place within municipal Hmits, and shall furnish the 
Municipal Health Officer with the address of any private residence to which 
he permits the removal of a patient. 
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16. Where small-pox is the disease on account of which the vessel is 
deemed to be infected, the Health Officer shall offer, without charge, vac- 
cination or re-vaccination to all persons willing to he operated upon, and 
shall cause to he vaccinated, if their guardians or those in charge of them 
consent, aU children helow 10 years and over 6 months of age who do not 
hear marks of vaccination or of small-pox. Tn the case of plague, inocula- 
tion may similarly be offered free of charge to all willing to be inoculated. 

Pabt VI. — Measures to be taken in the case oe Healthy, Ineected, 
AND Suspected Vessels, 

17. Vessels classed hy the Health Officer after inspection as healthy 
shall he given free pratique save as otherwise provided in rules 23 and 24. 
Other vessels will he dealt with in accordance with rules contained in 
Parts VI (A), VI (B), VI (C), VI (D) or VI (E) according to the disease on 
account of which they are declared suspected or infected. 

Part VI-A Small-pox, Ohicken-pox, Measles, Cholera, 

Typhus and Scarlet Pever. 

18. In the event of a vessel being classed either as infected or suspected 
on account of any of the above-mentioned diseases, the Health Officer — 

(1) shall arrange for the conveyance of any person suffering or 
suspected to be suffering from such disease to a sanitarium or 
hospital, unless the sick person or his friends can make adequate 
provision elsewhere of which the Health Officer must satisfy 
himself, but he shall not enforce the removal from the vessel of 
any person or persons bound for an onward port, except as pro- 
vided for in regulation 14 ; 

(2) shall either himself undertake, or direct the master of the vessrJ 
to undertake, the destruction or disinfection of aU clothing, 
bedding and other articles that he may consider infected ; 

(3) may, when a vessel with one or more of the above-mentioned 
diseases on board has in his opinion passengers or crew in a filthy 
and unwholesome condition, cause the clothing and personal 
effects of such persons to be disinfected before allowiog them 
to leave the vessel ; 

(4) may, in the case of undecked craft, direct the disinfection, or 
in special cases the destruction, of foodstuffs which have been 
exposed to contamination and are considered likely to be infected; 

(5) may order that any portion of the vessel that has actually been 
exposed to contamination or is in a filthy or insanitary condition, 
or which he considers likely to be infected, should be disinfected 
and cleansed as he may direct and may prohibit the discharge 
of bilge water or water ballast within port limits without pre- 
vious disinfection ; 

(6) may, in the case of cholera, direct the master to have the bilges 
and water tanks emptied and cleaned and disinfected. 
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PiET VI-B. — Plagtjb. 

19. In the case of infected vessels the following measures shall he 
taken : — 

(1) All persons on board shall be medically examined as prescribed 

in regulation 9. 

(2) All persons suffering from plague shall immediately be dis- 

embarked under the directions of the Health Officer and 
isolated in the camp or hospital, whether ashore or afloat, 
appointed by Government for the purpose. 

(3) At the discretion of the Health Officer other persons may also 

be disembarked and be subjected to observation* or surveil- 
lance* or to a period of observation followed by surveillance 
provided that the total duration of these measures shall 
not exceed five days from the time of arrival. 

(4) Such soiled linen, wearing apparel and articles belonging to the 

crew and passengers as are, in the opinion of the Health 
Officer, infected, shall be disinfected. 

(5) All parts of the vessel which have been occupied or frequented 

by plague patients shall be disinfected ; and any other parts 
of the vessel that, in the opinion of the Health Officer, are 
infected shall be disinfected. 

(6) The rats on board shall be destroyed, either before or after 

discharge of the cargo, in either case as quickly as possible 
and in such manner as to avoid as far as possible damage to 
merchandise and to the ship’s plating and engines. The 
operation, in any case, must not last longer than forty-eight 
hours. In the case of ships in ballast this process must be 
carried out as soon as possible, before embarking cargo. 

(7) Passengers arriving by an infected ship and subjected to the 

provisions of clauses (2), (3) and (4) above are entitled to 
obtain from the Health Officer a certificate showing the date 
of their arrival and the measures taken as regards themselves 
and their baggage. 

20. When the measures prescribed in Regulation 19 have been duly 
taken in respect of any vessel, the Health Officer shall by written order 
grant pratique, provided that, if a case of plague, or of fllness suspected to 
be plague, occurs on board subsequent to the grant of the above certificate, 
the certificate shall become invalid and the vessel again become subject 
to the requirements of the regulations regarding infected vessels. 

* “Observation” means isolation either on board the ship or in a sanitary station 
appointed for the purpose before the grant of pratique. Passengers under " surveil- 
ance” are not isolated; they receive pratique at once and are at liberty to proceed 
to their destination, but the authorities at those places are informed of their comiust 
and they are subjected to medical examination for such period ns maybe fixed in these 
rules. 
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21. In the case of suspected vessels the following measures shall he 
taken : — 

( 1 ) AH persons on board shall be medically examined as prescribed 

in regulation 9. 

(2) The destruction of rats may be ordered at the discretion of the 

Health Officer, and if ordered shall be carried out in the terms 
of regulation 19 (6), 

(3) All soiled linen, wearing apparel and personal effects of the crew 

and passengers which are, or are suspected to be, infected 
shall be disinfected. 

(4) All parts of the vessel which have been occupied or frequented 

by plague patients shall be disinfected ; and any other parts 
of the vessel that, in the opinion of the Health Officer, are 
infected, shall be disinfected. 

22. When the measures prescribed in Regulation 21 have been taken 
in respect of any vessel, the Health Officer shall by written order grant 
pratique. 

23. In the case of healthy vessels other than those referred to in rule 24 
pratique shall ordinarily he given at once as provided for in regulation 17, 
but the Health Officer may in his discretion, if special circumstances appear 
to him to require it, impose any or all of the following measures : — 

(1) medical examination as prescribed in Regulation 9 ; 

(2) disinfection of soiled linen, etc., as prescribed in regulation 19(4); 

(3) destruction of rats as prescribed in regutrtion li) (6) ; but the 

process of deratisation when applied in the case of a healthy 
ship from a plague-infected port must not occupy more than 
24 hours and should he carried out in such a manner as not 
to interfere with the coming and going of passengers and crew 
between the ship and the shore, 

24. In the case of a healthy vessel on which unusual mortality among 
rats has been observed, the following measures shall be taken : — 

(1) medical examination as prescribed in Regulation 9 ; 

(2) bacteriological examination of rats for plague as far and as quickly 
as possible ; 

(3) destruction of rats as prescribed in Regulation 19(6) when consi- 
dered necessary by the Health Officer or when rats are found 
on bacteriological examination to have plague ; 

(4) in the case of rats having plague, disinfection of such parts of 
the ship and such articles as the Hcaltli Officer considers infected ; 

(5) surveillance of passengers and crew fora period not exceeding 
five clays from the time of arrival. 

25. In exercise of the functions imposed upon him by Regulations 
19 and 21, the Health Officer shall — 

(a) attach due importance to the presence on board the vessel of a 
medical officer and to the provision of apparatus for disinfection 
by means of saturated steam and for the destruction of rats, and 
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[h) shall take into account the sanitary or insanitary, and roomy 
or crowded condition of the vessels. 

26. If, in the case of any vessel making a passing call, the communi- 
cation with the shore is restricted to the landing of pas.sengers, mails or 
goods, the Health Officer may, in his discretion, enforce the provisions of 
Regulations 19, 21, 23 or 24 as the case may he to such extent only as may 
in liis opinion he necessary for the jiurpo-se of controlling the actual com- 
munication with the shore. 

Provided (n) that an.y ijersons on hoard the vessel whom the Health 
Officer has reason to helieve to he suffering from plague shall he landed 
and kept under ohservation. 

Provided also (/t) that ships from an infected place that have keen disin- 
fected and have undergone adequate sanitary measures shall not, on their 
arrival in another port, he subjected to these measure.s a second time if 
no case ha.s occurred since the disinfection was performed and if they have 
not called at an infected port. A ship which has merely disembarked 
passengers and their baggage or mails, w'ithout having been in communica- 
tion 'with the shore, shall not he regarded as having called at the port, 

27. The Health Officer shall whenever requested furnish the master, 
the ship-owner or the ship-owner's agent, with a certificate stating that 
measures of rat destruction have been carried out and giving the reasons 
why they were resorted to. Health Officers of ports visited by ships 
u].->on which periodic rat destruction is carried out, should take such 
certificate info account in considering whether measures under Regulation 
23(3) should heimpo.se<J. 

28. The foregoing regulations shall not prevent the transhipment 
under restrictions, to be imposed hy the Health Officer in conformity there- 
with, of passengers, mails or goods between vessels which have not been 
granted pratique. 

29. If any case of plague occurs among any group of persons who are 
being kept under ohservation, the i)atient shall be isolated or sent to a 
hospital, and the other persons shall continue to he detained and segregated 
as aforesaid for a period not exceeding flive days from the date on which 
the group became free from plague. The clothes and effects of the 
patients and of such persons as have been in contact with the patient shall 
be disinfected at the discretion of the medical officer in charge. 

30. The medical officer in charge of any place appointed for the isolation 
of any persons under these regulations may, in his discretion, by written 
order, direct that any person who is kept there under observation shall 
be allowed to depart and shall he subject to surveillance. 

31. If the system of surveillance to which any person is subjected on 
shore requires his daily attendance before a medical officer, the Health 
Officer may, by written order, exempt such person from such attendance 
on being satisfied that he may be relied upon to send in a prompt report 
if he should fall sick. 
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32. Persons subjected to surveillance shall submit to, and comply 
with, all directions as to medical supervision or otherwise which may be 
given by written order of a medical officer appointed by the local Govern- 
ment in this behalf. 

Pabt VI-G.— Yellow Fever. 

33. In the case of vessels which have, within a period of two months 
immediately preceding their arrival, started from or touched en route a 
port infected with yellow fever or communicated (except orally without 
contact or by signal) with a vessel either infected or which has left an 
infected port within that period, the following procedure shall be 
observed : — 

(1) The vessel shah, be anchored at sea at such special anchorage 

as may be fixed for this purpose by the local Government but 
in no case less than half a mile from the land at low water. 
The visit of the Health Officer shah, be made during the day as 
early as possible, and all persons on board shall be medically 
examined as prescribed in Regulation 9. 

(2) Any person suffering from yellow fever, if in the first four days 

of the disease, or if there is any doubt about the duration of the 
disease, shall be protected from the approach of mosquitoes by 
means of curtains, and shall be treated on board for at least four 
days. Any person suffering from fever shall similarly be isolated, 
be protected from the approach of mosquitoes by curtains and 
treated on board for at least four days. All passengers in 
perfect health (with normal temperature, etc.) may be landed, 
and shall be kept under close observation for a period of at 
least eight days, extensible at the discretion of the Health 
Officer to a maximum of twelve days, special precautions being 
taken throughout the whole of this period to prevent mosquitoes 
having access to them, 

(3) In no case should any person sick of yellow fever belauded during 

the first four days of his illness without the special sanction 
of Government. If such sanction is given, the most minute 
precautions to prevent mosquitoes reaching him shall be taken, 
including a mosquito-proof cabin on the launch, mosquito-proof 
ambulances and a mosquito-proof ward in an isolation hospital. 

(4) The crew of the vessel should be required to sleep in airy places 

preferably on deck, and should be protected by mosquito- 
curtains. 

(5) The ship shall be cleared of mosquitoes by the systematic fumi- 

gation,* under efficient supervision, of every cabin, store-room, 
alley- way and hold. 

(6) All water in which mosquitoes could breed should be emptied 

into the sea and aU drains flushed by means of a hose. The 

♦ SulphiuouB acid is probably the best gas to use. 
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bilge should be pumped out or oiled. The driukiug water tanks 
should be emptied to get rid of larvse, fresh water being taken 
and the tanks completely filled so as to drown any adult 
mosquitoes which may be present in them. 

(7) Provided, if no case of yellow fever has occurred on board within 

two months immediately preceding the vessel’s arrival, only such 
of the above measures in addition to those described in para- 
graphs ( 1),(5) and (6) shall be carried out as are considered by the 
Port Health Officer necessary in the circumstances of the case. 

(8) No ship shall leave the anchorage for the purpose of taking up her 

berth until the measmes described in paragraphs (5) and (6) 
have been carried out. 

Part VI-D. — Sleeping Sickness. 

34. In the case of a vessel having on board a person suffering, or sus- 
pected to be suffering, from sleeping sickness, the person or persons shall 
not be permitted to land without the specific written permission of the 
Health Officer, who may, pending the receipt of written instructions from 
Government, permit the landing of such persons only if arrangements 
can be made for their strict isolation on shore. 

In the case of Aden, the Health Officer may prevent the embarkation 
of or, subject to the arrangements above referred to, may disembark any 
person proceeding to India, who is suffering or suspected to be suffering 
from sleeping sickness. 

35. In the, case of a vessel arriving from the East Coast of Africa within 
the limits of Port Sudan and Durban or from other localities declared 
to be infected, the procedure prescribed by rule 2 shall be complied with and the 
crew or passengers, etc, shall be medically inspected in accordance with Regula- 
tion 9. 

Part VI-E. — Jigger. 

30, In the case of a vessel having on board any person or persons suffer- 
ing from jigger — 

(1) the Health Officer shall carefuUy examine every person on board 
and any person or persons found to be suffering shall be removed 
to hospital for treatment ; 

(2) the clothes of infected persons shall be disinfected, and the Health 
Officer may, in his discretion, order the disinfection of the clothes, 
bedding, etc., of all persons on board ; 

(3) any part of the vessel likely to harbour jigger fleas shall be thorough- 
ly washed with a watery solution of kerosine oil emulsion or in 
a recognised solution of tar acid which is accepted by the Port 
Health Officer ; 

(4) the ballast of such vessel, if of earth or sand, shall not be landed 
without the permission in writing of the Health Officer, who, 
if he considers it necessary, may order that it shall be discharged 
into the - at such Traces as shall be appointed for the 
purpose by Government. 
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Part VIT. — General. 

VBS.SKLS. 

37. The master of any vessel coming under these regulations shall 
comply with all directions which the Health OfBcer may consider necessary 
under the foregoing rules. 

38. The master of any vessel who may object to submit to theforegoing 
regulations may put out to sea again, provided that objection has been 
taken before there has been any communication, except by signal or through 
the port authorities, between such vessel and the shore or with any other 
vessel in irort. Goods may be landed from such vessels after precautions 
have been taken to isolate the ship, crew and passengers and on condition 
that such information as the Health Officer may require regarding the 
mortality among rats is duly supplied ; Passengers may be disembarked 
at their own request on condition that they submit to all the measures 
prescribed by the local authorities. 

39. In the event of airy vessel putting bade to sea, the Health Officer 
shall intimate the fact by telegraph to the next port of call if in British 
India. 

Persons. 

4(1. All persons removed to hospital or kept under observation at any 
place shall obey and conform to the rules, regulations and orders for the 
time being in force at such hospital or place and shall be liable to pay all 
such charges as for the time being may, under the sanction of Government, 
be made against them. 

41. When a suspected case of any infectious disease is removed from a 
vessel at any port, the Health Officer shall report the confirmation or other- 
wise of the diagnosis, by telegraph, to the Health Officer of the next port 
of call, if that port is in British India, Oeylon or the Straits Settlements. 
In other cases a note shall bo made on the bill of health stating the nature 
of the suspected infectious disease and the precautions taken in connection 
therewith. 

Dead Bodies. 

42. Dispo.sal shall be as follows : — 

(1) If death occurs on board a vessel before entering port limits, 

the body shall, unless there are special reasons to the contrary, 
be buried at sea in not less than nine fathoms of water, in such 
manner as shall secure its immediate sinking and remaining 
below the surface. 

(2) If death occurs during the clay on hoard a vessel vdthin the port 

limits the ensign and house flag, if there is one, are immediately 
to be lowered half-mast and kept in such position from sunrise 
till sunset as long as the body remains on board. If death occurs 
between sunset and sunrise, one red light is to be hoisted at the 
peak, half-mast high. 
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(3) The master of the vessel shall cause the death of a person on 

board to be intimated forthwith to the pohce, either by letter 
or otherwise, and shall forward to the Port Officer a written 
report as soon as possible after the occurrence, in which all 
the circumstances attending the death must be fully detailed. 

(4) No dead body shall be removed from a vessel within port limit, 

without the permission of the police, which shall not be given 
until the Health Officer has certified either — 

(a) that the death i& not due to infectious disease ; or 
{b) that, in case of infectious disease, the Port authorities have 
given ‘permission for burial on shore. 

Jf the Port authorities, in consuUaion with Health Officer, decide that 
burial on shore cannot be permitted, the body must be buried at sea in such 
manner as the Health Officer may direct. 

DISINFECTION. 

43. All disinfection prescribed by these regulations shall be carried 
out, unless otherwise specifically provided for, in the manner prescribed 
in the Appendix thereto. 

Pabt VIII. — Vessels leaving Ports tn the Bombay Presidency 
(excluding Sind) and Aden for Ports beyond India. 

44. No vessel shall leave any port which has been declared to be infected 
with any contagious or infectious disease for any port beyond India until — 

(1) all persons sailing by the vessel, whether as passengers or as mem- 
bers of the crew, have been medically examined by the Health 
Officer ; 

(2) in the case of plague — 

(a) all persons sailing by the vessel, either as passengers or as 
members of the crew (except such onward bound passengers 
as have not remained one night on shore and such members 
of the crew, as have not remained one night on shore or have 
not newly joined, who may be examined on board), have been 
medically exanained by the Health Officer on shore by day 
as shortly as possible before embarkation ; 

(b) all merchandise or articles of any sort which the Health Officer 
may consider to be infected with plague have been disinfected 
on shore previous to embarkation : 

(c) all clothing, bedding and infected articles belonging to Asiatic 
and African members of the crew, not being officers, engineers 
or doctors, to deck and fourth class passengers and to third 
class passengers not entitled to cabin accommodation, which 
the Health Officer may consider to bo infected with plague 
and, if the Health Officer thinks fit so to direct, all clothing 
bedding and infected articles belonging to passengers of any 
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class higher than ihe third and of any members of the crew 
have been disinfected on shore by day as shortly as possible 
before being placed on board ; 

(3) the Health OfScer has given to the master of the vessel a bill of 
health stating that the medical examination and disinfection 
prescribed by this regulation have been carried out. 

(4) In the case of any disease other than plague, the Health Officer 
may, in his discretion, enforce the provisions of clauses 2(6) and 2(c) above. 

Provided that, if the vessel is only making a call at the port in question, 
the medical examination and disinfection prescribed by this regulation 
shall be made only in the case of persons joining the vessel there and 
article belonging to them, unless there is communication between the 
vessel and the shore. The Health Officer shall decide, for the purpose of 
this proviso what constitutes communication betw'een the vessel and the 
shore. The bill of health in such cases need only take the form of an 
endorsement on the last bill of health held by the vessel and need only 
refer to the passengers and crew embarking at the port in question. 

46. It shall be open to the Consular representative interested in any 
vessel to be present, if he so desires, at the medical examination and 
disinfection prescribed by Regulation 44. 

46. If any vessel does not leave port within 24 hours after the medical 
examination made under Regulation 44, she shall not leave until — 

(а) a fresh medical examination of the passengers and crew has been 
made under that regulation, and 

(б) a fresh bill of health has been given to the master under that 
regulation. 

Provided that such fresh examination may be conducted on board the 
vessel, whether or not there has been communication with the shore, since 
the previous examination was made, and provided that if the time of 
departure be after sunrise on the day after that of inspection, the master 
of the vessel shall send the hiU of health to the Health Officer to have the 
date of departure amended. 

47. If, after a hill of health has been given to the master of any vessel 
and before the vessel leaves the port, any cargo or goods of any kind be 
placed on or taken ofE the vessel ea;ccp{ in such manner as tnay be directed 
by the Sealth Officer, the vessel shall not leave the port until — 

(а) such further medical examination and disinfection as the Health 
Officer may consider necessary have been made under regulation 
44, and 

(б) a fresh bill of health has been given to the master under that 
regulation, 

provided that such further examination and disinfection may be con- 
ducted on hoard the vessel. 

48. (1) After a bill of health has been given to the master of any vessel, 
no person except the pilot or person authorised by the Health Officer shall 
be permitted to embark on the vessel unless he has been medically 
examined by the Health Officer as prescribed in Regulation 44. 
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(2) If any such person is permitted to embark, the Health Officer 
shall amend the bill of health accordingly. 

49. Port- clearance shall not be granted for any vessel, unless and until 
the master produces the bill of health prescribed by the foregoing 
regulations. 

Provided that any port where, in the opinon of Government, local condi- 
tions render this relaxation advisable, the authority responsible for granting 
port- clearance may grant port-cleerence for any vessel on receiving from 
the Agents of the vessel a written guarantee that a duplicate of such 
bill of health, signed by the Health Officer, will be furnished by them to 
him within forty-eight hours. 

50. (1) If the Health Officer considers that any passenger is suffering 
from, or is in the incubation stage of, any infectious or contagious disease, 
he shah prevent such passenger and his or her relatives and attendant 
from embarking or sailing ; and their baggage and personal effects shall 
not be allowed on board the vessel and, if already placed on board, shall 
be removed as early as possible, 

(2) Por the purposes of this regulation, the term “ relatives” shall mean 
such persons as have been living with, or have been, in the opinion of the 
Health Officer, in dangerous communication ■with the suspected passengers. 

51. (1) If the Health Officer considers that any member of the crew 
of the vessel is suffering from, or is suspected to be in the incubation 
stage of, any infectious or contagious disease — 

(а) he shall prevent such member from re-embarking on such vessel 
and shall refuse to give a biU of health until the baggage and 
personal effects of such member have been removed from the 
vessel and such parts of the vessel as have been occupied or fre- 
quented by such member have been dis i nfected ; and 

(б) the baggage and personal effects of such persons as were in im- 
mediate contact -with such member of the crew shall be disinfected 
and the names of such persons shall be given to the medical officer 
or master of the vessel for supervision on the voyage. 

(2) All action taken under clause (1) of this regulation for the dis- 
infection of a vessel shall be noted in the biU of health. 

52. Any person who is prevented by the Health Officer under the fore- 
going regulations from embarking or sailing, may be removed to and kept 
at a hospital or kept under observation ; or, if any such person gives a 
genuine address, he may, at the discretion of the Health Officer, be subjected 
to surveillance for a period not exceeding five days. 

53. At aU ports declared to be infected with plague, proper measures 
shall be taken to prevent rats obtaining access to vessels (Appendix B). 

54. Regulations 44 to 53 shall apply to all pilgrim or emigrant ships 
and may, by order of Government, be applied to vessels leaving a port 
in India or Burma for another in India or Burma. 


((See Regulation 43) 
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APPENDIX A. 

Instructions for Disinfection. 

1. Personal effects, such as rags, bandages, papers and other articles 
’without value which, in the opinion of the Health Officer, are deemed 
jikely to carry infection, should be destroyed by fire. 

2. Underclothing, bedding, wearing apparel, mattresses, carpets, etc. 
which are contaminated or suspected, and other articles to be disinfected, 
should be exposed for 15 minutes to saturated steam — under pressure 
if possible — at a temperature of not less than 100° 0. (212° F.) care being 
taken that the steam shall reach all parts of each article to be disinfected. 

3. Disinfecting Solutions. 

(a) Solution of corrosive sublimate of 1 part in 1,000 with the addition 

of 2 parts in 1,000 of hydroeholoric acid or 1(50 grains of chloride 
of soda in one gallon. The solution should be coloured with 
aniline dye or indigo ; it should not be placed in metal vessels. 

(b) 5 per cent, solution of pure crystallized carbolic acid, or 5 per 
cent, of crude commercial carbolic acid free from tar oiks in 
a warm solution of soft soap. 

(cl Freshly prepared lime-wash.* 

(d) Such proprietary tar acid compound as the Health Officer may 
approve of. 

4. Special instructions to be. observed in the. employment of disinfecting 
solution. — ^Tbe linen, clothing and articles soiled by the excreta of patients 
should be soaked in the solution of corrosive sublimate. The solution 
of pure carbolic acid and the solution of soap and carbolic acid are equally 
suited to the purpose. The articles should remain in the solution for 
at least six hours. 

Articles which cannot be subjected to the temperature of 212° F. without 
injury, as leather goods, ivooden articles stuck together with glue, felt, 
velvet, silk, etc., .should be washed with a disinfecting solution : coins 
can be disinfected with the solution of soap and carbolic acid. Persons 
engaged in nursing the sick should wash their hands and faces with one 
of the carbolic solutions. The carbolic solutions will be useful more parti- 
cularly for disinfecting articles such as metal or instruments which can 
neither be subjected to a temperature of 212° F. nor placed in contact 
with corrosive sublimate. Chlorinated lime is particularly recommended 
for disinfecting excreta. Expectorated matter should be burnt. 

5. Disinfection of ships on which plague has occurred among human beings 
or rats. — AU rats on board shall be destroyed by means of sidphurous 
anhydride or other suitable disinfectant. The cabins, etc., occupied by 

♦The lime'-wash should contain 20 per cent, of lime, and may be prepared as follows : — 
Take 2 pounds of good quick-lime and slake it by moistening it gradually with about 
half a pint of water. When the operation is completed, the resulting powder must be 
kept in an air-tight vessel in a dry place. 

For use the quantity of slaked lime obtained from 2 pounds of quick-lime should te 
placed in a convenient vessel and water added to make one gallon. 
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the sick or those suspected to he sufiEering from plague shall, at the discretion 
of the Health Officer, be treated with . a solution of corrosive sublimate 
and thoroughly cleansed with soap and water. In the case of pneumonic 
plague, preliminary disinfection with corrosive subUmate solution shall 
be invariably carried out. 

6. Disinfection of the hold of an infected ship . — ^Tbe bilge-water sbaU be 
pumped out, and the hold washed with sea- water, a sufficient quantity of a 
solution of corrosive sublimate being subsequently thro-\vn in at the discre- 
tion of the Health Officer. The bilge-water .shall not be pumped out when 
the vessel is in harbour without the UTitten consent of the Health Officer. 


APPENDIX B. 

Measuees to be adopted to peeveitt Rats OBTAiEiJra Access 
TO Vessels. 

1. There shall be a space of at least three feet between any part of 
the vessel and the wall of the dock or wharf. 

2. All ropes and hawsers connecting the vessel with the dock or wharf 
shall be furnished with a circular coiicave-conve.v rat-guard at least four 
feet in diameter fitting tightly with the concavity towards the wharf on 
the rope or hawsers, and so fixed that no part of the margin of the guard 
shall be less than 24 inches from the rope or hawser, or any other pattern 
of rat-guard that may be approved by Government. 

3. To prevent rats reaching the ship by means of a gangway, as few 
gangways shall be used as possible ; all gangways shall be raised at night, 
and a watchman shall be placed on each gangway during the day fium the 
time the gangway is lowered until it is raised. 

4. A responsible person shall be deputed by the local Government 
to ensure these measures being applied immediately the vessel is berthed . 



82 


CHAPTER II. 

Collection, Removal and Disposal op Town Refuse. 


Bombay Municipal Act. 

S. 365. For the purpo.'^e of securing efficient scavenging and 
cleansing of all streets and premises, the Commissioner shall take measures 
for securing. — 

(a) The daily surface cleansing of all streets in the City and the 
removal of the sweepings therefrom. 

(1) The removal of the contents of all receptacles and depots and 

of the accumulations at all places provided or appointed by 
him under Section 367 or 368 for the temporary deposit of 
any of the matters specified in the said Sections. 

S. 366. All matters collected by the Municipal servants or Contractors 
in pursuance of the last preceding Section and of Section 369 shall be the 
property of the Corporation. 

S. 367. (1) The Commissioner shall provide or appoint in proper 

and convenient situations public receptacles, depots and places for the 
temporary deposit or final disposal of : — 

(а) Dust, ashes, refuse and rubbish. 

(б) Trade refuse. 

(e) Carcasses of dead animals and excrementitious and polluted 
matter. 

(2) Provided that : — 

(f) The said matters shall not be finally disposed of in any place 
or mamier in which the same have not heretofore been so 
di.sposed of, without the sanction of the Corporation or 
in any place or manner which Government think fit to 
disallow. 

(ii) Any power conferred by this Section shall be e.xeroised in 
such manner as to create the least practicable nuisance. 

S. 368. (1) It shall be incumbent on the owners and occupiers of 
all premises to cause all dust, ashes, refuse and rubbish and trade refuse 
to be collected from their respective premises and to be deposited at 
.such times as the Commissioner, by public notice, from time to time, 
prescribes, in the public receptacle, depot or place provided or appointed 
under the last preceding Section for the temporary deposit or final 
disposal thereof. 

(2) Provided that the Commissioner may, if he thinks fit, by 
written notice require the occupier and owner or either of them of any 
premises, to cause all dust, ashes, refuse and rubbish, hut not trade refuse, 
to be collected daily, or otherwise periodically, from the said premises and 
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deposited temporarily upon any place forming a part of the said premises 
which the Commissioner appoints in this behalf, and it shall be incumbent 
on the said occupier and owner or either of them to cause the said matters 
to be collected and deposited accordingly. 

(3) It shall be incumbent on the owners of all premises to provide 
receptacles of the size to be prescribed by the Commissioner for the 
collection therein of all dust, ashes, refuse, rubbish and trade refuse to be 
collected from such premises. Such receptacles shall at all times be kept 
in good repair and condition and shall be provided in such number and 
place and retained in such positions as the Commissioner may, from time 
to time by written notice direct. 

(4) It shall also be incumbent on the owners and occupiers or either of 
them, of all premises when required by the Commissioner by written notice 
so to do, to employ servants for the purpose of carrying out and com- 
plying with the requirements of sub-Sections (1) and (2) of this Section. 

S. 369. When the Commissioner has given public notice, under clause 
(a) of Section 142, of his intention to provide in a certain portion of the 
City, for the collection, removal and disposal, by Municipal agency, of 
all excrementitious and polluted matter from privies, urinals and cesspools, 
it shall be lawful for the Commissioner to take measures for the daily collec- 
tion, removal and disposal of such matter from all premises situate in the 
said portion of the City, 

S. 370. It shall be incumbent on the occupier of any premises situated 
in any portion of the City for which the Commissioner has not given a public 
notice under clause (a) of Section 142, and in which there is not a water- 
closet or privy connected with the Municipal drain, to cause all excremen- 
titious and polluted matter accumulating upon his premises to be collected 
and to be conveyed to the nearest receptacle of the depot provided for this 
purpose under clause (6) of Section 367, at such times, in such vehicle or 
vessel, by such route and with such precautions as the Commissioner, 
by public notice from time to time prescribes. 

S. 37 1 . In any portion of the City in which the Commissioner has given 
a public notice under clause (a) of Section 142, and in premises wherever 
situated, in which there is a water-closet or privy connected with a Munici- 
pal drain, it shall not be lawful except with the written permission of the 
Commissioner, for any person, who is not employed by or on behalf of the 
Commissioner, to discharge any of the duties of the Halalkhors. 

S. 372. No person — 

(а) Who is bound under Section 368or Section 370, to cause 

the removal of dust, ashes, refuse, rubbish and trade 
refuse or of excrementitious or polluted matter, shall 
allow the same to accumulate on his premises for 
more than 24 hours, or neglect to cause the same to 
be removed to the depot, receptacle or place provided 
or appointed for the purpose ; 

(б) Shall remove any dust, ashes, refuse, rubbish or trade 

refuse or any excrementitious or polluted matter 
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other-wise than in conformity with the requirements of 
any public or written notice for the time being in force 
under Section 368, or use for the removal of any 
escrementitious or polluted matter any vehicle or 
vessel not having a covering proper for preventing 
the escape of any portion of the contents thereof 
or of the stench therefrom ; 

(c) Shall, whilst engaged in the removal of any dust, ashes, 

refuse, rubbish or trade refuse or of any excrementitious 
or polluted matter, fail forthwith thoroughly to sweep 
and cleanse the spot in any street upon which during 
removal, any portion thereof may fall, and entirely 
to remove the sweepings ; 

(d) Shall place or set down in any street any vehicle or vessel 

for the removal of excrementitious or polluted matter 
or suffer the same to remain in any street for 
any greater length of time than is reasonably 
necessary ; 

(e) Shall throw or place any dust, ashes, refuse, rubbish 

or trade refuse or any excrementitious or polluted 
matter on any street or in any place not provided 
or appointed for this purpose under Section 367 or 
368; 

(/) Who is the owner or occupier of any building or land, 
shall allow any filthy matter to flow, soak or be thrown 
therefrom, or keep or suffer to be kept therein or 
thereupon, any thing so as to be a nuisance to any 
person, or negligently suffer any privy receptacle 
or other receptacle or place for the deposit of filthy 
matter or rubbish on his premises to be in such a state 
as to be offensive or injurious to health. 

S. 373. If it shall in any case be shown that, dust, ashes, refuse, 
rubbish or trade refuse, or any excrementitious or polluted matter, has 
or have been thrown or placed on any street or place, in contravention of 
clause (e) of the last x^receding section, from some building or land, it 
shall be presumed, until the contrary is proved, that the said offence has 
been committed by the occupier of the said building or land. 

S. 385. (1) It shall be the duty of the Commissioner to provide for 
the removal of the carcasses of all animals d 3 fing within the City. 

(2) The occupier of any premises in or upon which any animal shall 
die or in or upon which the carcass of any animal shall be found, 
and the person having the charge of any animal which dies in the street 
or in any open place, shall within three hours after the death of such animal 
or, if the death occurs at night, within three hours after aunrig-s, report, 
the death of such animal at the Municipal Health Department office of 
the divi.sion of the City in which the death occurred or in which the carcass, 
is found. 
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(3) For every carcass so removed by municipal agency, a fee 
for the removal, of such amount as shall be fixed by the Commissioner, 
shall be paid by the owner of the animal or, if the owner is not Imown, 
by the occupier of the premises in or upon which, or by the person in whose 
charge the said animal died. 

The cleansing of a City forms the basis of all health 
reforms and devolves on the Sanitary Authority. 

‘ House refuse ’ is defined in the London Public Health 
Act, 1891, as consisting of ashes, cinders, breeze and night-soil 
filth, but does not include trade refuse. 

In India, the term ‘ household and street refuse ’ includes 
all waste material from houses and shops which cannot be 
removed by drains, and includes very little cow-manure but 
large quantities of horse-stable manure and refuse, and bullock 
droppings, street sweepings and gully refuse, leaves, garden 
refuse, fruit and vegetables, old glass, tin and much 
paper, dead animals, etc. Indian refuse or cutchra contains 
very little coal or cinders. 

‘ Trade refuse ’ means the refuse of any trade, manufacture 
or business or of any building materials. 

In India decomposition is rapid, and as flies and other 
insects are so numerous, decomposing matter is more 
dangerous than in temperate and cold climates. 

Diarrhoea, Dysentery, Cholera, Enteric fever, etc., are 
much more liable to be spread by flies conveying the germs 
from infected refuse. 

It is always necessary to collect and convey refuse some 
distance, and as a rule transhipment of the refuse from carts 
or motor lorries to Railway wagons is necessary, and then 
again another unloading. All this is expensive and 
dangerous to health. 

Various methods are adopted in cities and towns in India 
for the collection and removal of refuse. The actual method 
varies somewhat. Bullock carts are the usual form of motive 
power. Steam and petrol wagons have been adopted iu 
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Bombay, Calcutta and other important cities. In Bombay 
the refuse thus collected is carried to Railway sidings and 
then hauled outside the Island and used for reclaiming land. 
In Calcutta and Madras, some of the refuse is thus disposed 
of and part of it is incinerated ; in other places it is mixed 
with night-soil and trenched. 

In London the house refuse amounts to 1| million tons 
per annum, 4—5 cwts. per head per annum, but is much 
heavier, bulk for bulk, than Indian refuse. 

The average weight in towns away from the coal fields is 
15 cwts. per 1,000 of the population per day. But in mining 
districts the average is 35 cwt. per 1,000 of the population 
per day. 

Bombay. 

The amount of refuse in Bombay including aU household 
waste, stable manure from private stables, road sweepings, 
shop sweepings, office paper and garden refuse works 
out to 2.2 lbs. per day per head of the population, or . 36 
of a ton per annum, or about 7 cwts. per head per annum. 

This does not include dung from milch-cattle stables 
during the dry months, as this is used for cow-dung 
cakes. 

As this refuse decomposes much more rapidly than 
in more temperate countries, especially in the rains, it 
is necessary that the storage of refuse should not be 
allowed but that it should be removed twice a day at 
least. 

This entails a large outlay, both in manual labour and 
vehicular plant, more supervision and a larger staff, as much 
depends on the rapidity and thoroughness with which the 
worlc is done. 

The habits of the people in throwing all waste matter into 
the streets tend to make the work of cleansing the City more 
difl&cult, while their customs and modes of cooking and 
cleaning utensils increase the amount of household refuse. 
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Comparison of an average sample of a large Indian 
City’s refuse with that of London refuse. 


Article. 

Bombay. 

London. 

Coal 

.15 

.35 

Coke 

.05 

.15 

Breeze & Cinders 

27.60 

or; 

Ash 

14. SO 

47.00 

Dust & Dirt 

25.70 

9.78 

Paper, Straw, Fibrous Material and 
Vegetable matter 

25.20 

13.15 

Rags 

2.20 

.40 

Bones & Offal . . 

1.60 

.37 

Glass, etc. 

Crockery, etc. , . 

.80 

.85 

.30 

1.72 

Metals 

1.60 

.68 


100.00 

100.00 


Separating from the average composition of refuse the combustible 
and non-combustible contents, the percentages are : — 


Kind of article. 

Bombay. 

London. 

Combustible 

56.80 

61.20 

Non-combustible 

43.20 

38.80 


During the monsoon it is generally very wet and soft ; 
wet vegetable refuse lies so close that air cannot penetrate it 
to support combustion, and unless special means are 
employed to burn it, no satisfactory results may reasonably 
be expected. 

Collection and Removal of Refuse. 

The practice of depositing refuse and waste material 
on the roadside or foot-path is common in most cities. 

This is to be avoided by providing sanitary bhis into 
which the refuse should be deposited and which should bo 
emptied by travelling-carts twice a day. 
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All refuse carts sKould be covered, so that wben full tbere 
will be no nuisance as they proceed along the streets. 

The refuse thus collected can be taken either direct to the 
incinerator or reclamation ground or to the • Railway siding. 
In the last case, the siding should be so arranged that the 
carts can tip directly into the wagons. 

A Railway wagon bolds 12 to 16 tons of refuse. 

In Bombay the mfixiuium amount of work a pair of well-fed bullock.s 
can do in a day is to travel 20 miles and draw a load of 8 cwts. in a 2-wheeled 
or IG cwts. in a 4'Wheeled cart on a level and good road. This means 
loaded one way and empty for the return, and no detention for loading, 
i.e., on return with an empty cart, they should be yoked to a cart loaded 
ready for removal. If the cart has to go from place to place collecting 
refuse, the number of trips that it makes will be less than if working with a 
duplicate cart. A cubic yard of house refuse in India weighs about 8 cwts. 
to 10 cuds, and this weight represents the capacity of a Bombay refuse 
card. 

In Bombay, the life of a bullock for the purposes of useful work may 
be taken as 5 years. Calculated on this basis the cost of haulage of this 


household and street refuse by bullocks is : — 

Rs. a. p. 

(a) Cost of a pair of bullocks 230 0 0 

(£») Feed of a pair of bullocks at Rs. 279-7-3 per annum, 

for 5 years Rs. 279-7-3x5 1,397 0 0 

(c) Shoeing and veterinary treatment for a pair at Rs. 60 

per annum, for .5 years 60 x 5 300 0 0 

(d) A cart costs Rs. 445 and by taking the total number 

of carts (scavengering and drain) it works out to 

that — each pair of buUocks has two carts hence. 890 0 0 

(e) Repairs to (<^) for 5 years 550 0 0 

(f) Stabling accommodation for (a) and (d) 15 per cent. 

of Rs. 650 . . . . . . . . . . . , 82 0 0 

(sr) A cart driver’s pay including extra reimmeration for 
making full number of trips at Rs. 24 plus 6 per 
mensem, but deducting absentees will make the 

average 1,740 0 0 

(/i) Accommodation of cart drivers at 10 per cent. . . 174 0 0 


The total therefore is Rs, 5,360 for 5 years, and during the period a 
pair of bullocks remove.s 2,190 tons, the cost of removal being Rs. 2-7-2 per 
ton. 

As many as 2,690 carts are now unloaded at the Siding in Bombay 
daily. 
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Cost of unloading carts at the Siding, loading wagons and haulage 
and unloading of the same calculated on an average of 2,500 cart loads 
per day : — 

130 men at Rs. 23-8 per mensem each and 17 women at Rs. 19 each 
per mensem, 2 Muccadums at Rs. 30 each and 2 Muceadums at Rs. 28 per 
mensem, 3 trip-markers at Rs. 115 each per mensem and 2 Overseers at 
Rs. 125 each per mensem, stores, lighting, etc., Rs. 150 per mensem. 
Total Rs. 4,239. 

The number of trips made to the Siding daily is about 2,590, i.e., 
1,035 tons, or 31,050 per mensem and to unload this costs Rs. 4,239 or annas 
two and pies two per ton. 

The haulage from Siding to reclamation ground costs Rs. 4 per wagon, 
unloading costs Rs. 7-10-0 per wagon, and as an average of 32 ca.Tts or 14 tons 
go to a wagon, 1 ton costs. 

Rs. a. p. 

Por hauling and imloading .. .. .. 0 10 6 

For upkeep of permanent way . . . . . . 0 2 9 

Per ton . . 0 13 3 


The upkeep of a wagon costs Rs. 160 per annum and as a wagon carries 
roughly 14 tons and makes one trip a day and one every alternate Sunday 


(340 a year), 

340x 14=4,760 tons a year. Rs, a. p. 

The cost of upkeep per ton is then . . . . , . 0 0 6 

Summary of the cost per ton, — 

Removal from Section to Siding 2 7 2 

Unloading at Siding 022 

Haulage to Reclamation ground and unloading there. 0 13 3 

Upkeep of rolling stock 024 


3 8 11 

Supervision on Rs. 3-8-11 . . 0 8 5 


Total .. 4 14 


Total cost per ton . . 4 14 

Peed oe Bullocks. 


In addition to grass, ooreed and moongh form the food of Cattle in 
parts of India. Ooreed and moongh belong to the same class as grass, 
viz., the bean tribe. The following is their composition, which will show 
their nutritive value to be almost exactly alike, if anything moongh is 


richer in nitrogenous matter than ooreed ; — • 

Ooreed, Moongh, 

Water 11.00 9.20 

Nitrogenous matter .. .. .. .. 22.48 24.70 

Fatty matter .. .. .. .. 1.46 1.48 

Carbo-hydrates .. .. .. 62.15 60.36 

Salts 2.91 3.26 

In some places, gram and bran are also given to the bullocks. 

Cham. Bran. Ooreed. 

Water 10.80 13.6 11.10 

Proteids 19.32 13.6 22.48 

Fat 4.56 3.4 1.46 

Carbo-hydrates .. 62.20 54.9 62.15 

Salts 3.12 6.6 2.91 
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Ag a food, bran by itself is useless in spite of its chemical composition, 
but as an adjunct to other foods it is undeniably valuable. Both gram and 
bran contain a larger proportion of fat than ooreed and in the majority 
of dietaries fat finds a place, and when hard work is to be done an excess 
of fat is invariably taken. Hence gram and bran form a more nutritious 
food for cattle than ooreed alone. 

The cost of feeding bullocks varies with the kind and price of food 
and the districts, size of bullocks, etc. 

The daily ration of a pair of bullocks in Bombay is 10 lbs. gram soaked 
in water and the water drawn off, 1 lb. bran mixed with gram, and 30 lbs. 
of hay. 

Bombay produces about 1,040 tons of refuse daily (exclu- 
sive of trade refuse and milcb-cattfe dung), or 292 tons per 
annum per 1,000 of the population, or 1.8 lbs. per bead per 
day or . 29 ton per bead per annum, against 250 tons per 
1,000 of tbe population of large English towns or 1.52 lbs. 
per bead per day or *25 ton per bead per annum. 

Tbe amount of house refuse to be removed is much less in 
English cities than in India, as a great part is burnt in kitchen 
fires in European towns, and tbe labour is more easily control- 
led than in Indian cities. 

The household refuse is removed once or twice a week in 
Engbsb towns, while in India it should be collected twice a day, 
and the dust bin carts removed twice and three times a day. 

In English towns large refuse carts capable of carrying 
one ton are drawn by horses and, accompanied by two men, 
pass tlirough tbe streets and visit bouses in rotation, weekly 
visits being made to each house. 

The household refuse is collected and taken to the nearest 
depot, which is rarely a mile away, and is either burnt or 
put into barges and taken down tbe river or canal and then 
disposed of. 

In most towns in England motor vans are used. 

These motors work day and night, in the day time collect- 
ing house and street refuse and in the night watering and 
sweeping the streets, tbe body of tbe van being removed and 
replaced by a water tank. 
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TYPE OP LOW-LOADEE trSED BY THE LONDON CORPOEATION AND COUNOILS 
IN BNGLAHP FOE REFUSE COLLECTION AND REMOVAL. 

During tlie past few years, the use of motors for Munici- 
pal work has rapidly developed. 

In India one cannot immediately reduce the amount of 
refuse to be removed, nor the frequency of removal, but, by 
adopting the most cleanly and expeditious methods known, 
one can reduce the nuisance. 

The custom in Indian towns, where no compounds exist, 
is for the household and trade refuse from shops, &;c., to be 
thrown into the streets and narrow passages between the 
houses. They are swept and the garbage collected twice 
and thrice daily, deposited in the dust bin carts and removed 
as often as the magnitude of the staff and the strictness of 
supervision permit. 

Sanitary dust bins should be provided and emptied twice 
daily. 

Cleansing Work in the City oe London. 

The City of London contains nearly 48| miles of streets, 
courts, alleys and bridges, within an area equal to one square 
mile. Dully seven miles of the streets may be termed main 
thoroughfares. 
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Approximately 1,250,000 persons and over 100,000 
vehicles enter and leave the City each week day, and more 
than 380,000 persons are engaged within it daily. 

38 miles of streets have both carriageways and footways. 
The carriageways are paved as follows ; — 

Asphalte 230,000 square yards ; wood blocks 192,000 
square yards and granite setts 64,000 square yards. 

The footways, which cover an area of about 330,000 
square yards, are edged with granite kerbs and paved with 
84,000 square yards of asphalte and 246,000 square yards of 
york stone. 

The present rateable value of the City is £8,841,980. 

The Cleansing Department is under the control of a 
Superintendent and an Assistant Superintendent, and for 
cleansing purposes the City is 'divided into four districts 
each having one divisional and one assistant foreman, 
with a district stafi of orderly hoys, sweepers, carmen and vans. 

Day Cleansing . — The out-door section consists of 396 
men and boys, classified as follow'S : — 

4 District Foremen. 102 Carmen and loaders. 

4 Assistant Formen. 20 Motor Drivers. 

169 Sweepers. 97 Street Orderly Boys. 

The greater part of the day men book on at 6 a.m., but 
a few gangs commence work later, at various times up to 
10 a.m. 

The hours are 47 per W’-eek, overtime bemg paid at 
the rate of time and a quarter for the first three hours and 
time and a half for the remaining period, after 47 hours have 
been wnrked. 

Up to 10 a.m. about one half of the sweepers, with the 
necessary number of vans, etc., are employed in completing 
the cleansing of any streets and courts left unfinished by 
the night stafi ; or in sw^-eeping and gravelling those thorough- 
fares and bridges used by early morning traffic to and from 
the City markets. 

Simultaneously during tnese hours motor-vans and 
horse-vans, with theic drivers and loaders, the latter being 
augmented by the sweepers not employed in street cleansing, 
are engaged in removing refuse, commencing wdth those pre- 
mises where there are resident caretakers, or which open at 
a sufficiently early hour. 
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Under Regulations made by the Ministry of Transport 
and tbe Commissioner of City Police, certain main streets are 
scheduled, in which no house or trade refuse shall be collected 
between 9 a.m. and 7 p.m., and in other secondary streets 
between 10 a.m. and 7 p.m. 

To carry out these Regulations, the Corporation of 
London made certain by-laws, which were approved by the 
Ministry of Health, under which tenants and occupiers of 
premises in the schedule streets are required to deposit their 
refuse in metal dustbins of a capacity not exceeding 2-| cubic 
feet, on the kerbstone in front of their premises before 
8 a.m. 


The daily average tonnage of refuse collected before 
10 a.m. is approximately 120 tons, and to complete the work 
by the scheduled time every available van with its attendant 
loaders is fully employed. 

After 10 a.m., the collection is continued in those streets 
not included in the above-mentioned Regulations. 

The work of dust collection is completed by about 2 p.m. 
daily and by 11 a.m. on Saturday. 

At 7-30 a.m. the street orderly boys, who have previously 
been supplied with tea at their respective depots, commence 
work and assist in cleansing and gravelling the streets for 
which purpose they are provided with scoops and brushes. 
In wet weather the orderly boys squeegee the footways and 
assist on the carriageways. 

Refuse picked up by street orderly boys is deposited 
in street orderly bins of which there are about 350 distributed 
throughout the City, chiefly in main thoroughfares. 

After 10 a.m., the day sweepers (except those employed 
in loading vans) are engaged in cleansing the main and most 
of the secondary streets by means of hand brooms, squeegees 
or scrapers, according to the condition of the carriageways. 
Motor sweeping machines are used when required. 
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After tlie boys cease work, a few sweepers are stationed 
on tbe most important streets nntil the night staff commence 
work. 

On Bank Holidays a skeleton staff is engaged on the 
main thoroughfares, sweeping, gravelling or sanding as circum- 
stances require. 

All refuse is removed by vans to Lett’s Wharf, which 
is situated on the Eiver Thames, about half-a-mile from the 
nearest portion of the City boundary. It is there shot into 
contractors’ barges, taken down the river and deposited under 
the controlled system of tipping on land belonging to the 
Corporation at Hornchurch, about 17 miles down the river. 

Sacks for waste paper and other light material are provi- 
ded free and are collected by arrangement. 

Trade refuse is removed at a charge of 22s. 6d. per van 
load, Is, 7d. per sack or 8d. per bushel, 

Eegulation sized galvanised dustbins, 16 inches diameter 
by 20 inches deep, are sold to tenants and occupiers at cost 
price. 

. The tonnage of refuse removed during the year ended 
31st March 1932, was as follows : — 



Motar- 

Horse 


vans. 

mns. 

House and Trade Eefuse 

and 


Gully slop 

5,979 

37,914 

Manure and Street Sweepings 

6,472 

10,695 


12,451 

48,609 

12,451 


Total tons ... 

. 61,060 


Night Street Cleansing . — ^The greater part of the work of 
street cleansing takes place between 8 p.m. and 5 a.m. (except 
on Sunday nights), when the streets are comparatively free 
from traffic. 
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The night staff consists of 2 district foremen, 3 street 
finshers, 61 sweepers, 5 carmen and 9 motor-drivers, in addi- 
tion to motor-vans, tanks, horsed-vans and motor sweeping- 
machines. 

During the night the whole of the City is cleansed by 
one or other of the undermentioned methods. 

On five nights a week the carriageways of all main wood- 
paved and some of the asphalte-paved thoroughfares are 
swept all over by machine brooms, which at the same time 
lay the dust by means of automisers. 

On Thursday nights the whole of the wmod-paved main 
line thoroughfares are watered aU over by motor tanks and 
afterwards swept by machine-brooms. 

Owing to the highly polished surface of asphalte carriage- 
ways and the clean condition of the centres, the sides only 
are watered in hot and dry weather. This is done on Friday 
nights. 

In wet weather the above work is done nightly if required, 
according to the amount of rainfall and other circumstances. 

When dry the carriageways of secondary streets are 
watered all over nightly and afterwards swept by machine- 
brooms. 

The footways of many main and secondary streets are 
swept nightly by hand brooms as well as courts, alleys and 
narrow thoroughfares inaccessible to vehicles. 

The refuse resulting from the above operations is 
picked up by horse and motor-vans, and conveyed to Lett’s 
Wharf, 

One gang of flushers is employed in flushing by jet and 
hose the streets in the vicinity of Smithfield and Billingsgate 
Markets on alternate nights. In addition, certain courts 
together with gullies in same are flushed. 

Two gully-emptying machines are employed undei con- 
tract every night. After the gullies have been emptied they 
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are re-sealed by water from tbe machines and the contents 
of the gullies removed to Lett’s Wharf. Approximately 
180 gullies are emptied nightly. 

Gullies in courts and narrow thoroughfares which are 
inaccessible to these machines, are emptied by hand labour or 
flushed by hose. 

Special attention, particularly during the winter months, 
is given to the gritting of thoroughfares in the vicinity of the 
City Markets and the routes thereto taken by traffic. 

The work of watering and flushing is suspended or modi- 
fied during frosty weather and on occasions of snowfalls. 

Sewer Cleansing . — The Cleansing Department is responsi- 
ble for the cleansing of 40|; miles of sewers within the City, 
with 205 sewer entrances, 64 flushing gates and about 14.000 
inlets from house drains. 

The men engaged in this work number 13, and their 
hours of work are 40| per week. 

Underground Conveniences . — -The Underground Conveni- 
ences are under the control of the Superintendent of Cleansing 
and number 45, of which 15 are for women. A stajS of 69 
men, 2 boys and 28 women are employed. 

The conveniences are open according to the require- 
ments of the respective localities in which they are situated. 
The earliest hour of opening is 4 a.m., and the latest hour of 
closing is midnight. 

Two conveniences are open day and night. 

Number and Type of Vehicles. 

75 Low-loading dustless horse-vans — 6|- cube yards. 

12 Open horse-vans — 4f cube yards. 

6 Shelvoke and Drewxy low-loading dustless freighters, 
2 of 6f cube yards and 4 of 9| cube yards capacity, 
provided with interchangeable water bodies. 

2 Dennis Bros, low-loading dustless motor vans, 13 cube 
yards. 
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3 Laffly motor-sweeping machines. 

3 Lacre three-wheeled motor sweeping machines. 

The total staff of the Department is 662. 

Cleansing- Work in the City op Bombay. 

The area of the City is 16,480.29 acres or 24.19 sqr. 
miles. The population (Census 1931) is 1,161,383. The 
inhabited houses 1931 are 47,045. Mean density per 
acre is 75. The death rate for 1932 per thousand is 19.7 
by the Census population of 1931. 

R-emoval. 

The work of the cleansing branch is conducted by 
the Head supervisor under the control of the Executive 
Health Officer. For administrative purposes the City is 
divided into three divisions, each under the charge of a 
Supervisor. These divisions are further sub-divided into 10 
districts each under the charge of an Assistant Supervisor. 
These 10 districts are divided into 60 sections, each under the 
charge of an Overseer who takes his orders from the Assistant 
Supervisor of the district to which the section belongs. 

The coUeotion of refuse is all carried out during the 

day. 

Sanitary bins of standard size and pattern are now 
being insisted upon by the Municipal Commissioner, on all 
house-owners for the storage of house refuse pending removal 
by the Cleansing Branch. 30,000 bins are in use at 
present and they are emptied out daily. 

Mechanical Transport. 

Of late years Mechanical Transport has been making great 
headway and is rapidly displacing bullock-carts for Municipal 
and Public Works. It is only therefore a matter of time 
before the more primitive method becomes entirely obsolete. 
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OLD STYLE BOMBAY. 



NEW STYLE BOMBAY. 

With further adoption of mechanical transport for the 
removal of city’s refuse the system at present in vogue in 
Bombay durhig this transition period, necessitates the conti- 
nuance of refuse dumps where the refuse, which had been 
collected by buUock-carts, is deposited and removed there- 
from by means of 4-5 tons motor lorries. At present the 


100 


Sanitation in India. 


motor lorries are loaded at the dumps by manual labour but 
the question of carrying out this work by means of mechanical 
loaders is under consideration and is likely to be adopted. 
The dimensions of these lorries are long by 6'-4" broad 
by 3'~4:" high. Work is carried out in two shifts — ^the first 
shift being from 6 a.m. to 2 p.m. and the second from 2 p.m. 
to 10 p. m. The average cost of working the lorries for the 
year 1931-32 was 12 annas 8 pies per mile. This is inclusive 
of all charges such as depreciation, inspection, license fees, 
repairs, wages of drivers and cleaners, oil, petrol, etc. 

The aim of the Bombay Municipality is to eventually 
adopt throughout the city the system of house-to-house 
collection of refuse. With this object in view different types 
of motor transport are being tried from time to time. 

A 3-ton Vulcan motor vehicle manufactured by the 
Company of that name at Crossens, Southport, England, has 
been in use for some years. This vehicle has a small 
engine which is economical in working and does about 15 
miles per gallon. The dimensions of the body are 13'-7" 
long by G'-IO" broad by 2'-3" high ; whilst the loading 
height of the body from the ground is only 4'-2". This 
enables the bin-man to deposit the refuse into the lorry 
quite easily without the assistance of a second man. 
These vehicles are comparatively low in initial cost and 
maintenance and being successful in meeting local conditions 
are likely to be adopted very extensively in India for this 
type of work. The cost for this vehicle averages 7 annas 
4 pies per mile. 

As a substitute for standing carts in one district of the 
city it was considered that the removal of refuse can be carried 
out more expeditiously if large circular bins roughly 3' dia- 
meter, 2''9" high are placed in suitable positions for 
the reception of refuse. These bins or receptacles are fitted 
with a handle by means of which they can be attached to the 
hook of a crane with which some of the Leyland lorries are 
specially fitted. This enables the contents of the bi ns to be 
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rapidly emptied into th.e body of the vehicle ; the empty 
bins being immediately returned to their site. This system 
has proved successful as it permits of the receptacles being 
emptied more frequently than was the case, when carts were 
in use. The crane on the lorry is actuated by means of a 
chain driven from the gear box. In Calcutta this system is 
extensively employed. 

In 1928 a trial was given to the Tractor* and 
Trailer system whereby suitable trailers of steel construction 
and having a carrying capacity of 3 tons were drawn by 
bullocks from house to house. After beiag fully loaded the 
trailers were taken to side lanes where the tractor called and 
drew the trailers either to the dumping ground or the refuse 
Railway Siding. Although this system at first appeared to 
have certain advantages, its lack of flexibility and slowness of 
travel together with high working cost rendered it less suitable 
for the purpose when the travelling distance exceeded 2 miles 
than the low-sided motor vehicle. For distances of 2 miles 
and under, the Tractor-Trailor system has been found to be 
both efiicient and economical. 



BEFUSE OOLLBOTION OOMPLETED BY TBAILEE DRAWN BY BULLOCKS. 
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TBAOTOlt HAOLINQ A LOADED TEAILBE. 

Leyland Steam lorries were first introduced in Bombay 
Municipality during the year 1911. Six of these lorries 
worked successfully till about 1922 when Leyland petrol 
motor vehicles of 4-5 ton capacity were standardized in order 
to ensure interchangeability of parts and to reduce the cost 
of repairs and maintenance. 

The removal of road scrapings is carried out by means of 
4-5 tons lorries fitted with steel bodies and Hydraulic tipping 
gear. The scrapings are thus emptied automatically. This 
gear is very reliable and should always be fitted when required, 
as by this method, emptying of the lorries is expeditiously 
and economically carried out. 

The fleet in charge of the Conservancy Branch 
consists of - 

20 Lorries, 2 Crane Lorries, 4 Eoad Scraping Lorries 
and 15 Tractors with 30 Trailers. 
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Bullock Carts. 

There are 800 Scavengering carts with capacities ranging 
between 30-40 cubic feet and capable of taking 8 cwts. to 
ton of refuse each and 150 iron carts for the silt and mud 
of 29 cubic feet capacity each. These are all in use. 

The total amount of refuse collected (including street 
and gully sweeping) approximates 1,040 tons per day. 

This gives a weight of 16 cwts. of refuse per 1,000 of 
population per day or 292 tons per annum or 1.8 lbs. per 
head per day, or 5.8 cwts. per annum. 

Trade wastes including refuse from licensed stables 
brought by private agency for disposal amount to an average 
of 233 tons per day. This added to the above figures work 
out to 2.2 lbs. per day per head of population or 19.6 cwts. 
per 1,000 of population per day or 357 . 7 tons per annum. 

There are two collection yards, one at Palton Eoad and 
the other at Parbadevi, receiving on an average 500 and 140 
cart-loads of refuse daily. 

The refuse from these collection yards is loaded into 
petrol driven lorries and hauled to the Mahaluxmi Siding 
where they are unloaded into the Eailway wagons and the 
refuse conveyed to the marshy lands at Deonar, which is 
being reclaimed. Deonar is 7 miles away from the city limits. 
Carts working outside the collection area pertaining to the 
two yards, go direct to Mahaluxmi Siding, excepting about 
10 in the extreme northern portion of the island. These 
latter dump theic contents at the Dharavi Eeclamation 
Ground. 

Street Cleansing, Washing and Scraping. 

The City has approximately 215 miles of streets with a 
total square area of 67,34,606 square yards which has to be 
cleansed twice a day. Of these, 8,53,237 square yards are of 
asphalt, 126,046 square yards of set-stone pavement, 1,75,853 
square yards of tar macadam 16,130 square yards of other 
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modes of concrete construction, and the rest of the road area 
is water bound. In addition, 5,494 house gullies or sweepers 
passages with an aggregate area of 3,29,623 square yards 
have also to be cleansed both morning and evening. 

Street Cleansing is carried out on the “ Beat ” principle. 
Each street Scavenger has a definite area of street to cover 
together with the number of gullies abutting thereon. In 
one of the wards, the. “Beat” principle does not prevail 
but the “Gang” principle is adopted. Here gangs of 
5 or 6 men carry out the cleansing work. Under both 
systems, sweepings are collected into small heaps at intervals 
of 20 to 30 feet along the sides of roads and at gully 
entrances, which collections are picked up by a cart following 
behind, scavengering women carrying out the work of 
lifting up the collected heaps in their baskets and emptying 
them into the carts referred to above and in the absence 
of the travelling cart into stand-by carts. 
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COVERED CART EOR STREET SWEEPINGS. 

The surface of the city streets and roads is being 
gradually asphalted and the introduction of mechanical 
sweepers, collectors and road-washers is essential. Sweeping 
and collection of refuse by mechanical means, means always 
higher speed resulting in a proportionate increase in the 
mileage of streets swept. Furthermore the work done would 
be more effective and economical than that by manual 
sweeping and collection. These machines would be a real 
asset to the Health Department. 

In order to deal with the daily foulmg of the streets with 
horse-droppings and cow-dung, street Orderlies (boys) with 
galvanized iron hand receptacles and scrapers are employed. 
The contents of the receptacles are dumped at convenient 
spots from which they are subsequently taken to the tips by 
carts. 
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Hand barrows are used in some places where large quanti- 
ties of heavy refuse are collected in small areas and have to be 
taken to distant stands. 

50 orderly bins have been provided on footpaths for light 
street refuse and paper. They are emptied twice daily by 
travelling carts. 

Notwithstanding the frequency of the sweeping of the 
streets in the shopping centres, the littering continues. The 
defect is not in the cleansing work but in the habits of some 
of the people who thoughtlessly throw down litter or any 
thing away in the street as soon as it is no longer required. 
A street freshly cleansed by the staff is often made untidy 
a few minutes later by careless pedestrians. 

Similar conditions obtaining in England are effectively 
met by the local authorities by the enforcement of Bye-laws. 
The London and Middlesex County Boroughs have the 
following Bye-laws 

“ No person shall (1) sweep or otherwise remove from 
any shop or house into any street any waste paper, shavings, 
or other refuse or being a coster-monger, news-vendor or 
other street trader, throw down and leave in any street any 
waste paper, shavings or other refuse ; (2) throw down or leave 
in any street for the purpose of advertising, any bill, placard, 
or other substance ; (3) willfully or negligently suffer any 
straw, hay, waste paper, shavings or other litter from any 
vehicle, packing case, to be strewn about any street to the 
annoyance of the residents or passengers.” 

The principal roads and streets in each area are swept 
3 to 4 times daily and the very important ones continuously. 
The less important thoroughfares are attended to 
twice daily. 

In addition to this cleansing, squads of men and women 
carry out washing of the asphalted roads in various parts 
of the city or mud and dust collection ; the former 
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operation being more extensive in character during the 
eight dry months of the year and the latter during the four 
wet months. 

Washing work is a necessity now-a-days and more 
efficient work could be obtained by the employment of 
washing machines, the water being applied to the surfaces 
imder pressure. More speedy work is possible without 
diminishing the effectiveness of the cleansing work and at 
the same time the results, from the work of these 
machines would be more economical than those by manual 
labour. 

Grangs of men are employed for flushing out gullies, an 
operation which continues throughout the year. 

A special staff is also employed for the daily cleansing 
out of all gully-traps in connection with house-drainage and 
for removing obstructions in the latter, should occasion 
require it. 

Disposal. 

The annual amount of refuse including street sweepings 
received for disposal through Municipal Agency is 3,79,600 
tons, and that delivered by Traders 85,045 tons or a total 
of 4,64,645 tons. 

In so far as the disposal of refuse is concerned the 
systems at present in operation are three in number, 
namely, (a) by rail to reclamation groimds at Deonar, (6) 
by dumping into the low lying lands in the city (crude 
tipping), (c) by maturing dung in pits into manure. 

( a ) By Rail to Deonar Marshy Grounds. 

The Municipal Rolling stock consists of 173 Railway 
wagons, of which on an average 60 are brought into daily 
use for hauling refuse to Deonar. 
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REFUSE SIDING AT MAHALUXMI. 

Two trains each with about 30 wagons run daily, one 
at 9-30 a.m. and the other at 10 p.m.. A train of 30 empty 
wagons is kept at Deonar. 

The daily amount of refuse transported to Deonar is 780 
tons or 284,700 tons per year. 

The Deonar estate comprises a total of 823 acres. 

The total area reclaimed so far at Deonar with city refuse, 
approximates 270 acres the depths varying from 6 to 15 feet, 
this leaves a balance of 553 acres of the estate still to be 
reclaimed. This reclaimed area is given out to farmers each 
year for cultivation. The annual income derived from such 
letting is between Rs. 8,000 and Rs. 10,000. 

(6) By dumping into low lying parts of the city 

The low-lying lands owned by the Municipality situated 
between the Haines Road Hindu Cemetery and the Race 
Course are available for the purpose. About 500 tons on an 
average are daily being deposited into this low-lying land or 
1,82,500 tons per year. 
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There is yet another ground rented from the City 
Improvement Trust at Dharavi which is being reclaimed ; 
about 15 tons are daily deposited here by carts plying in the 
extreme northern portion of the city or 4,575 tons per year. 

The area of land already reclaimed within the city limits 
in the past admeasures 316 acres which is annually leased 
for cultivation and the amount realised each year ranges 
between Es. 10,000 to 12,000. The land is put up to auction 
and with facilities for transit fetches these prices. 

The land is prepared in May and, on the first appearance 
of the rains, maize, cucumber and gourd are planted— all in 
the same field in rows. When these crops are well 
established in July or August, briujals and beans are planted 
amongst them. The maize is collected from the plants and 
the stalks are beaten down and form a frame for the gourd 
and cucumber ; vegetables and spinach are then planted and 
this is carried on until March. 

English, Name. Marathi Naum. 

Maize or Indian Com . . . . . . Kanas. 

Cucumber . . . . . . . . . . Kakadi. 

Gourd Shiroli. 

Brinjal Wangi. 

Legume . . . . Gowar. 

Spinach . . . . Bhaji. 

(c) By maturing dung in manure pits : — 

The Manure or Dung'pits. — All dung from milch cattle 
stables is being deposited into these pits which are 4 in 
number. During the months of January to May and October 
to December in each year, the average daily number of cart- 
loads of dung dumped into these pits is 32 and in the months 
of June to September the average is 77. 

The annual amount of dung received into the dung-pits 
on an average is 12,900 cart-loads or 6,500 tons. This makes 
about 5,900 tons of manure. 

The right of seUing manure is annually sold out to 
contractors. The amount realised each year from such sales 
ranges between Es. 2,500 and Es. 3,500. 

The Municipality also imdertakes the transporting of 
carcasses of dead animals to Deonar in wagons attached to the 
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refuse niglit train whicli leaves at 10 p.m. Average number 
of dead animals transported per year is 27,000 (this figure is 
exclusive of the number of dogs and cats). There is a skin- 
ning ground established there. The right of skinning is 
auctioned annually to contractors and the amount realised 
each year ranges between Es. 30,000 and Es. 60,000. 

The number of carcasses transported per year averages 
3,385 of big animals such as cows, buffaloes, horses, and 23,784 
smaller sized animals such as calves, goats, and kids. 

The carcasses of dogs, cats and others which the con- 
tractor does not skin are thrown to the vultures. 

Staff. 

In all 4,684 men, 1,487 women, 60 boys and 434 drivers 
are employed on the operations in connection with the 
Cleansing Branch, besides the Superintending and Clerical 
staffs. 

House accommodation for the Labour Staff of the 
Conservancy Branch consists of 127 blocks with a total of 
3,180 rooms. The majority are owned by the Corporation 
and a few hired. This accommodation houses 6,000 
employees, and further proposals are before the Authorities 
for housing the remaining. 
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Tlie problem of finding an efiicient and economical 
system of disposal of refuse is one of the most difficult 
ones. 

In the western comitries many methods are employed 
each claiming efficiency and economy but the fact remains 
that the selection of a process can only be made with due 
regard to the local surroundings. It is only by careful and 
serious study of local circumstances assisted by scientific 
analysis of the character of the refuse can one formulate 
and prepare schemes of refuse disposal suitable to local 
conditions. 

The various processes suggested for refuse disposal may 
be briefly classed under the following heads - 

(1) Tipping or dumping of refuse in a crude state. 

(2) Tipping in accordance with specific regulations. 

(3) Tipping or lopping into the sea. 

(4) Pulverisation or crushing. 

(5) Separation and utilisation. 

(6) Incineration. 

(1) Tipping or dumping of refuse in a crude state. — The 
tipping or dumping of refuse in a crude state is one to be 
discouraged. This method has been condemned and rightly 
so, as being insanitary and unhygienic on the groimds of 
nuisance from fire, flies and rats. The only advantage this 
method has is that it is practically always the cheapest, 

(2) Tipping in accordance with specific regulations. — This 
form of refuse disposal is being largely adopted in cities where 
suitable land is obtainable, and without doubt it can be 
carried out successfully if the recommendations of the 
Ministry of Health (England) are given effect to. The 
recommendations are based on the Bradford system of 
tipping. 
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The specific Rules to be complied with are as under 
(1) The deposit to be made in layers, (2) No layer to 
exceed 6 feet in depth, (3) each layer to be covered 
on all surfaces exposed to the air with at least 9 
inches of earth or other suitable substance except 
a portion which may be allowed uncovered during 
the formation of the layer, (4) No layer to be left 
uncovered for more than 72 hours from the time of 
deposit, (5) Sufficient screens or other suitable 
apparatus to be provided where necessary to prevent 
any paper or other debris from being blown by the 
wind away from the place of deposit. 

In most of the cities of India, the refuse is conveyed to 
dumping grounds either directly by bullock carts or by rail. 

The dumping ground should be well outside the city 
limits, the refuse discharged on to the ground and covered 
with a few inches of soil, and planted with suitable crops ; 
maize, sugar-cane and a number of vegetables do weU. 

(3) Tipping or lopping into the sea. —Is a form of disposal 
only available to few seaside towns suitably situated in close 
proximity to the sea. This method of disposal is open to 
serious comment as it may lead to pollution of foreshore as a 
result of back washes. Furthermore it is a costly method 
owing to the distance that would have to be travelled out to 
sea to overcome the possibility of refuse being washed back 
to the shore. 

(4) Pulver isation or crushing. —Is a form of disposal whereby 
different classes of refuse are thoroughly reduced to a fine 
state to obtain a mixture of organic and inorganic matter 
which mixture is said to be unattractive to flies and rats. 
This pulverised stuff is said to possess some fertilising proper- 
ties and has a value for its physical effects on heavy soils, 
but the great problem associated with it is to find a suitable 
outlet for the material after treatment. 
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Perhaps the greatest setback to the development of 
pulverisation is the prejudice of the agriculturists. The 
refuse though reduced to a uniform grade is at the best a 
verj low grade material and the experience in England is 
that the farmer will not take it. Furthermore, it is stated 
that the consumption power and wear and tear on the plant 
are both heavy. 

Attention has of late however been directed to the utilisa- 
tion of such material as a fertiliser or a fuel. 

House and town refuse is not now regarded as a waste 
product to be got rid of but is recognised as an article possess- 
ing valuable fertilizing properties when suitably treated. 

The treatment consists in passing the refuse through 
what is known as a lightning crusher or lightning dust manipu- 
lator which is a centrifugal-force disintegrator, pulveriser, 
and mixer combined. The crusher occupies little space, 
requires relatively small horse-power to drive and works 
ahnost noiselessly. 

The manipulator consists essentially of a series of steel 
hammers attached to heavy discs which act as fly wheels and 
turn at a speed of about 1,000 revolutions per minute. The 
material to be treated falls through a hopper into the chamber 
in which the hammers revolve and is at once dashed with 
great force against' a breaking block of special alloy steel, 
the material receiving about 4,000 strokes from an aggre- 
gate weight of over 70 tons per minute, the final disintegration 
being efiected by trituration between the hammers and the 
grinding plate. When the material is reduced to a proper 
degree of fineness it drops through a screen on to a chute and 
thence to a railway waggon when levels permit or is removed 
by means of a sloping conveyor or an elevator. 

Little sorting or picking of the refuse is required. Ho dust 
or nuisance of any kind is developed during the process of 
transformation from refuse to manure. 
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Tb.e transferred refuse occupies only two-thirds of the 
space of the crude material. 

The new fertiliser has been named ‘‘humic.” In appear- 
ance it is like a fine black powder and has a slightly pleasant 
smell. 

(5) Sepnmiion mid Utilisation. — (a) Se 2 ')aration.— This is 
a post war operation which preserves the incinerative principle 
for some if not ail of this combustible material but not for the 
imiociious dust, some particles of which are combustible but 
not profitably so when in a mass. This method of refuse 
disposal has made considerable headway of recent years 
and has undoubtedly proved that it is one of the necessary 
factors in achieving successful and economical disposal of 
refuse. Plants have recently been installed whereby the 
refuse after separation has been fed into high temperature 
furnaces and has proved to be very useful in raising steam. 
This process of refuse disposal appears from results obtained 
in various towns and cities within the last few years to be the 
most economical and efficient one so far introduced. By the 
separation of some 40 per cent, of dust of an incombustible 
character a greater steam raising fuel has been obtained in the 
form of screened refuse. Better clinlrer has resulted and by- 
products in the form of tins, scrap-iron, bones, etc., have 
been salved from the refuse. This has greatly reduced the 
quantity of refuse to be incinerated and in consequence the 
cost per ton of disposal of refuse, has been greatly lessened. 

(6) Uiillsaiion. ~Th.k is a very important side of modern 
cleansing work. Por instance the fuel recovered in the form 
of cinder is the most valuable element in refuse possessing 
generally a calorific value equal to 75 per cent, that of steam 
coal. It therefore undoubtedly has good steam-raising 
qualities and could profitably he applied in municipal under- 
takings. Markets for other articles recovered are sometimes 
difficult to obtain and only by concentration, patience, and 
perseverance can suitable markets be established whether the 
products be steam, electricity, cinder, fuel, metals, fertilisers, 
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feeding inealsj bones, glass, etc. Tbe chief point is, are 
they the best products obtainable from the raw material, and 
at the same time, are they most profitable to the Municipal 
authorities ? 

Household refuse in its massy form may be said to be 
100 per cent, obnoxious, but in its separated or segregated 
condition the nausea tive character would be found to be 
confined to contents 20 to 30 per cent, of the mass only, this 
depending of course on the season of the year. 

(6) Incineration. — Direct hicineration . — This method is 
well-known. It is generally agreed that from the hygienic 
stand-point it is the most satisfactory, although considerably 
more costly method as it renders refuse innocuous within the 
minimum period of collection. Where incineration is the 
principle employed, the provision of a modern incinerator 
combined with intelligent method of stoking is the chief 
essential required for completely sterilising the refuse. The 
greatest difficulty in connection with incinerators has been 
brought about by the greatly varying character of the 
refuse to be destroyed. The method is condemned however, on 
the ground that it is too costly and there is extravagant 
waste of good fuel value. 

The term “ destructor ” is applied to a high temperature 
furnace specially designed for the disposal of town refuse 
by burning. 

Many years of practical experience has led to the design 
of efficient types of destructors, and has shown what is the 
true calorific value of average town refuse, so that manu- 
facturers are now able to give definite and reliable guarantees 
of performance, such as both users and makers may, with a 
reasonable degree of certainty, expect to realise. The mere 
disposal of the refuse is not, as a rule, the only consideration 
kept in view in a modern refuse destructor station. A 
complete installation for a population of, say 50,000 persons 
may cost from £5,000 to £6,000 to erect, according to local 
circumstances, and, in addition to the destructor ceils proper, 
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usually includes nmcliinery and plant for tlie removal and 
disposal of the residual clinker, for its crushing and manu- 
facture into paving slal^s, bricks, mortar, or other saleable 
products, also steam and engme poAver for actuating the 
various plants requiied at such a station. It will, therefore, 
be evident that the working expenses, maintenance, and 
depreciation of a fully equipped installation must necessarily 
be considerable, and that, with the view of reducing this 
aimual expense to a minmiura, it becomes necessary to turn 
to account any and every by-product or residual material 
which can be really diA^^erted to profitable use. 

Points to be Enquired into aauth Eefeeence 
TO Refuse Destructors. 

(Suggested bv F. Wood.) 

1. The grate .m-a and the amount of refuse burnt irer square foot of 

grate area. 

2. Do Ihe fumo.s of the burning refuse pass over bright heat to ensure 

tlieir perfect combustion ? 

.‘j. The lowest tomporaturc in the furnace, or in the combustion 
eliamJx'r, should be 1,300° F. 

4. The temperature at tlie chimney flue, and at the combustion 

cliamber. 

5 , The analysis of the gases at the flue should he procured. There 

should be less than l%of CO. The amount of free 0 and N 
should approximate the amounts found in the atmosphere near 
the flues. CO^ should be abundant. 6% being frequently got ; 
a.s much as 15% has been obtained. 

(). The amount of water evaporated at 212° F. per pound of refuse 
per hour. 

7. The cost of labour per ton of refuse delivered. 

S. Cost of maintenance, together with the number of men required 
to work. 

9. Is skilled labour necessary ? 

10. What method is employed to feed the destructor ? 

11. The construction of the destructor. Is an inclined road-way 

necessary ? Height of chimney. 

12. Hispo-sal of clinlier, and revenue derived from its sale. 

1 3. The number of cells required for every 10,000 inhabitants. 

In large towns the destructor Avill be found to be tbe best 
metbod of disposal. 
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Destructors are so constructed that tlie nuisance is 
reduced to a minimum, and so mucli so that in large towns in 
England they are in some instances placed close to dwelling 
houses, schools, &c. 


Cross section of the Cell of Destructor. 





The best known destructors are 


Horsefall. 

Meldrum. 


Heenan and Eroude. 
Baker. 
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One or more large furnaces are used. The refuse is 
thrown in at the toj), and becomes dry as it shilcs down, all 
organic matter is burnt off and at intervals the mineral 
matter, or “ cliuher,’’ is raked out below, to be used for road 
making, filling uji hollows, &c. After the furnace is started, 
the organic matter in the refuse is usually sufficient to 
mamtain the fire without the addition of other fuel. The 
smoke from a destructor is offensive and should be passed, 
through a second furnace. At Bradford the smoke is rendered 
inoffensive by forcing a jet of steam, under pressure, beneath 
the fire bars (Horsefall’s Process), and secondly by passing the 
fumes through a Jones's “ Fume Cremator,’’ W’'hich consists of 
a coke furnace provided with several projections or “bafflers.” 

There are various ii/jies of refuse destructors, most of 
which possess the following features in common 

(1) Furnaces or cells of brick with fire brick lining. (2) 
Ai)proaches by an inclined roadway to the top or 
tipping platform. (3) In the centre of this plat- 
form is a series of feeding holes or hoppers 
into which the refuse is shot to fall into the 
cells below. (4) The stokers rake the refuse on 
to the fire, and after burning, the refuse is reduced 
to about \ or of its original w’-eight, the residue 

consisting of fine ash, hard clinicer, &c. (5) 
By means of forced draught produced by a steam 
jet or fans, the combustion can be made so 
complete that temperatures of l,500o to 2,000° F. 
are attainable merely from the burning of the 
refuse. 

Some destructors are known as slow combustion or 
low tetnperature destructors and in these “fume 
cremators ” should be provided at the foot of the 
chimney. In the high temperature destructors, 
such cremators are unnecessary. 

Low Pressure Destructors. —Advantages. — 2 , diminished 
wear and tear and hence saving in upkeep. Disadvantage 
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the inlet for refuse and the outlet for gases are at the rear of 
the cell and hence noxious vapours escape before being burnt 
and a cremator is necessary ; also more cells are required. 

High Tem23erature Destructors. — (Horsefall) the outlet for 
gases is at the front of the cell and the vapours 
given off pass over the hottest part of the fire to 
reach the exit ; the foul gases are destroyed within the 
cell itself ; a large quantity of refuse is burnt per day j^er 
cell (10 to 16 tons) and fewer cells are therefore required. 
These cost more for maintenance. The number of cells 
depend on the nature and amount of refuse to be destroyed 
and also upon the type of the cell adopted. If a high 
Temperature Destructor, 10 cells will be required for a 
population of 100,000. These cells can be erected in a single, 
row or back to back. 

The Horsefall Destructor. 

The following is a description of the Horsefall Destructor : — 

The buildings are laid out in four bays, the destructor 
furnaces occupying the bay nearest the entrance. This bay 
is 110 feet long, by 40 feet wide, by 41 feet high. The two 
centre bays accommodate two sets of boilers for destructors 
and coal firing respectively, while the last bay (the largest of 
the four) is the electric power station. 

A pump-room, which serves both sets of boilers, adjoins 
the power station ; and the economisers, of which there are 
two, are housed outside the main building. 

The chimney, 150 feet in height by 10 feet internal dia- 
meter, is situated at the end of the boiler-house. 

A concrete retaining wall and water reservoir are built at 
the south end of the site, and water is conveyed by an 18-in. 
pipe from the reservoir into the power station for condensing 
purposes. 

Details of the Destructor. 

The Horsefall Destructor consists of six large cells and 
combustion chambers, with three water tube boilers, arranged 
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so that each pair of cells -wath its boiler can be worked inde- 
pendently. This arrangement of independent “ units ” 
permits of any section of the plant being shut down for 
repahs or cleaning, without interfering with the working of 
any other unit. 

By firing the two cells of each unit alternately, a steady 
steam pressure is maintained in the boiler, while the 
combustion chamber is also kept at a sufficiently high tem- 
perature to cremate thoroughly the noxious gases which 
escape from the newly-charged refuse. 

The furnace grates, which slope from back to front, have 
each an area of 25 square feet and are constructed to burn 
efficiently a full cart-load of refuse at one charge. The grate 
bars are perforated with a large number of small holes and a 
high pressure blast is forced through these, by means of 
electrically driven fans. 

It is generally recognised that to ensure complete 
combustion in destructor furnaces, an air:blast system is the 
best, but hitherto the blast has been delivered at compara- 
tively low pressure. 

The grates and fans are constructed for a specially high 
pressure, and are fully expected to show a distinct gain 
in efficiency over the older system. 

The fans, of which there is one to each furnace, are 
coupled direct to “ Phoenix ” variable-speed motors of the 
totally enclosed type. The starting and regulating switches 
are fixed conveniently to the furnace doors, and a throw-ofi 
switch is actuated in such a way that the opening of the 
door automatically stops the fan. Incidentally an attempt 
has been made to improve the unfavourable atmospheric 
conditions existing in most destructor installations, and 
ventilation is provided for by carrying the fan inlets to the 
underside of the storage platform and turning them inwards 
so that all dust and fumes emitted during the process of 
“ clmkeriug ” are drawn in and delivered back to the fires. 
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Auxiliary steam jet fittings for steam blast Lave also 
been provided, but these are only intended to be used in the 
event of a breakdo^vn of the fans. 

The System op Charging. 

The method of 'storing and charging the refuse into the 
cells has been specially designed to reduce manual labour 
to the lowest possible minimum and forms a striking 
comparison to some types of destructor still in use, in which 
the refuse is stored in loose heaps and fed into the furnaces by 
hand labour. 

The refuse is delivered from the carts to the furnaces 
without handling of any kind, and, while effecting a saving 
ill the cost of labour, ensures a degree of cleanliness which 
is remarkable, having regard to the nature of the materials 
dealt with. 



TUBE CHARGED READY EOR IKCINERATION. 

The tipping pit is situated at the north end of the 
destructor house, and the refuse, which is delivered by carts, 
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is discharged through a specially shaped hopper into a 
storage tub placed ready hi the pit. 

The pit has accommodation for four tubs, with two hop- 
pers, the latter being arranged to move on rails across the pit. 

When tlie tub has been loaded, the hopper is moved 
clear from above it, and an electrically operated over-head 
crane lifts the tub and deposits it on the storage platform, 
where it is kept till required. The storage platform extends 
to the full length of the furnace blocks, and has accommoda- 
tion for eighty tubs. 

The storage of refuse thus takes place in closed boxes 
away from the heat of the destructor. 

CHAiiG'iNa Gear. 

When ready to charge, a tub-full of refuse is hfted from 
the storage platform by a crane, and placed on a moveable 
cradle on the top of a cell. The weight of the tub causes 
the cradle to descend, and by a system of levers and balance 
weights, the water-sealed door is lifted from its seat and 
drawn on rails to one side, permitting the lower edge of the 
moveable cradle to descend into the mouth of the charging 
doorway. The storage tub is provided with hinged lids at 
the bottom which are held shut when the tub is suspended 
by the crane, but when released these lids open outwards 
and the whole of the refuse thus falls, directly into the furnace 
and spreads itself over the grate. 

The empty tub is then lifted by the crane, and the 
water-sealed door, actuated by the balance-weight, is 
mechanically drami back to its seat. The whole operation 
of charging the cell and withdrawing the tub occupies less 
than a minute, and as the furnace door is open for only a few 
seconds, the inrush of cold air, with consequent reduction of 
furnace temperature, is reduced to the smallest possible 
amount. 

Tlie crane, which has a lifting capacity of 3 tons at 30 
feet per minute, was. built by Messrs. Broadbent & Sons, 
Huddersfield. 
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The time required to cremate a charge tlioroughiF varif\s 
according to the class of refuse, from one to one and a half 
hours, and the fire is then cleansed tlirough a large 
clinkering door at the front of the cell. This door is of 
specially strong construction, and is provided with two small 
doors attached to it, so that the fire can l^e adjusted 
and managed without opening the main door. 

The clinlcer is withdrawn from the furnace into buckets 
suspended from an over-head clinker railway, and may either 
be delivered directly to the clinlcer crushing and screening 
mill or deposited ui heaps until required. 

Boilers. 

A main flue of large area is provided for each pair of cells, 
from which the hot gases are carried through the combustion 
chamber of water-tube boilers, and a dust catcher of Messrs. 
Horsefall’s patent type is built in between the combustion 
chamber and the boilers. All the flues are lined tliroughout 
with fire-brick, and in the furnaces specially made fire-clay 
blocks, set in fire-clay cement, have been employed. 

The boilers are of Messrs. Babcock & Wilcox’s marine 
water-tube type, constructed for a working pressure of 200 
lbs. per square inch, and fitted with super-heaters to raise 
the temperature of the steam to 500 deg. Fahr. 

To meet any special demand for steam, auxiliary grates 
have beenfitted for coalfiring, and a bye-pass is provided direct 
from the destructor combustion chamber to the main over-head 
flue, so that in the event of a breakdown of a boiler or an excess 
of steam being generated, the whole or a portion of the hot 
gases may be taken by this route instead of through the boilers. 

After leaving the boilers, the gases pass by way of the 
over-head main flue to an economiser, thence to the chimney. 

The economiser is of Messrs. Green’s type, built into two 
sections of 120 tubes each. 

The steam from each boiler is led from the super-heater 
to a lO-inch main, and carried direct to the main range which 
supplies the electric generators. The feed piping is connected 
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by a brancli pipe to the system supplying tlie coal-fired 
boilers, tbe arrangement being designed so that the destructor 
boilers can be fed either through their own economiser or 
from the hot-feed main of the coal-fired boilers. 

The pump house contains two triple-throw electrically 
driven Worthington pumps, and one of Messrs. Weir’s double 
acting steam pumjis. A storage tanlr of 12,000 gallons capacity 
is placed over the pump room, and a combined water-softening 
and de-oiling plant is provided to treat the feed-water. 

The coal-fire boilers are of Messrs. Babcock & Wilcox’s 
double-drum type, each boiler being capable of evaporating 
18,000 lbs. of water per hour. Super-heaters are provided, 
and the firm’s latest type of chain-grate stoker is fitted. 

Generating Plant. 

Passing into the engine room, a lofty, well-lighted 
building, there are two Bellis-Westinghouse direct-coupled 
generating sets, each capable of a normal output of 750 
kilo-watts when supplied with steam at 200 lbs. pressure. 
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The engines are of the triple-expansion, qnick-revolution, 
enclosed type of 1,140 horse power each, and are fitted with 
expansion valves to take over-loads up to 50 per cent. 

The exhaust steam is taken through an oil separator 
into a surface condenser, which serves both sets of engines. 

A special feature of the works is the use of the electrically 
driven auxiliaries, and the whole of the auxiliary plant, 
including pumps, stokers and fans, is driven by electric motors. 

The following observations as to the general methods of 
workuig the Fryer Destructor apply also, with slight modifica- 
tions to meet special circumstances, to all hand-fed destructors : 

'' The cart, on entering the yard in which the destructor 
is built, is drawn by a horse up an inclined roadway with 
varying gradients, from 1 in 12 to 1 in 25, and on arriving at 
the top a platform is provided with tippmg curbs, agahist 
which the carts are backed and their contents are tipped on 
to the top of the cells. Here the material remams for a short 
time, until one of the cells is ready for a charge, the charging 
holes being in direct communication with the fire, but so 
arranged that very little smoke at any time issues from 
them. When a cell requires to be charged the material is 
shovelled or drawn with a two-pronged rake into and on to 
the top of the charging hole. A second man stands in line 
with the opening and as the material is delivered on to it 
he pushes it down the incline on to the drying hearth and 
continues doing so until the hearth is completely covered. 
The quantity usually put on at one charge varies from one- 
third to one-half a cart load, or from 20 cubic feet to 30 cubic 
feet. From the drying hearth the material is drawn down 
on the bars as required by the fireman, who stands at a lower 
level and in front of the furnace. He first clears his fire by 
pulhng the clinker out, spreads the burning material evenly 
over the fire bars, and then draws down a fresh supply of the 
partially dried material from the drjdng hearth. He usually 
finishes up by running his bar through the fire, so as to leave 
as free a passage for the air as possible. 
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“ Too mucli refuse should not he drawn down at once, 
or the lire will heconie dead and 'blackened. Thin layers may 
be raked down at intervals of about 20 minutes, but the fires 
should be undisturbed for at least half an hour before a 
dinicering. The fire on the bars (which should always be 
kept covered) should not be more than about 9 inches thick, 
which is sufficient to secure a clear fire. 

‘‘ The clinker falls into a barrow provided for the purpose 
or upon the ground in front of the furnace, where it is cooled 
by having water from a hose sprinkled upon it. The fine 
ash drops tlirough the bars into the dust hearth, and it is 
found that the material in passing through the furnace is 
reduced to about 25 per cent, of its weight. This residue 
consists partly of fine ash and partly of clinicer, in varying 
proj)ortious according to the character of the material which 
has been consumed. "Whilst the combustion is proceeding, the 
hot gases from the furnace or cells escape over the bridge into 
a central flue 6 feet high by 10 feet 4 inches wide. This is 
arranged to prevent too great a velocity from carrying pieces 
of paper and other unconsumed material to the chimney, 
and also to allow of the deposit of dust within the flue.” 

The Meldrum Turnaoe. 

The Meldrum patent “ Simplex ” Destructor is a modern 
apparatus manufactured by Messrs. Meldrum Bros, of 
Manchester. In this furnace, it is claimed, ordinary town 
refuse will give a sufficiently high temperature to utterly 
decompose all noxious material, nothing but harmless and 
inofiensive gases passing up the chimney, the solid residue 
consisting entirely of hard clinlrer with a little ash. When 
it is desired to utilize all the available heat for steam-raising, 
a special internally fired steam generator is employed. 

Ordinarily, the furnaces are fed by hand, but hopper 
feeding may be arranged if required. A forced draught is 
used in connection with the furnace, but no cremator is consi- 
dered necessary, owing to the high temperature of the cells. 

It will be observed that four grates are placed side by 
side and separated only by dead plates, the ashpit, however, 
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being divided in four parts, eacli*separately fed witli a snpjjly 
of air under pressure, preferably by steam air blast. The 
destructor, therefore, is practically a single cell, fed and 
cleaned in four places at regular intervals, so that an approxi- 
mately constant temperature may be anticipated. 

The escaping gases either pass away from the back of 
each fire grate into a common Hue leading to boilers or the 
chimney, or are conveyed sideways over the various grates, 
and thence over a common fire-bridge towards the boilers 
or chimney. After passing the fire-bridge, it will be seen, 
there are five rows of baffle pillars arranged to divide and 
break up the current of hot gases ; the pillars remain 
constantly at a bright red or white heat, and take the place, 
it is claimed, of the cremator furnace commonly used in the 
older destructor installations. A bye-pass is, of com-se, 
provided in order that the furnaces may be used without the 
boilers. The patentees recommend that four grates be laid 
down, but fewer or more may be provided to suit circum- 
stances. One or more of the grates may he disused without 
interfering with the working of the remaining portion of the 
destructor. 



Mkldevm Pcbnaoes as installed at Gboydon, 
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Ill regard to the question of the number of “ Meldriim ” 
cells required proportionate!}’- to any given population, if we 
take the annual production of house refuse per 1,000 in- 
liahitants at 200 tons, then a single cell,” that is, a grate 
5 feet by 18 feet, having four ashpits, and burnmg at an 
assumed average rate of 40 lb. per square foot per hour, 
would consume about 38 tons per day of 24 hours or per 
year of 300 days— say, 10,000 tons. Consequently, if this 
rate of consumption be uniform and constant throughout the 
year such a cell or destructor should suffice for 50,000 people. 
The heat derived in indicated horse-power per cell would 
theoretically— a.ssiiining a maximum of 2 lb. of water 
(ii-aporah’d per lb. of refuse consumed— be equal to 
00 sq. ft.>:40 lb.x2 

— 3oO horse-power contmuoiisly per cell 

at 20 lb. steam per 1 horse-power per hour. 

A lieight of chimney shaft of 40 ft. is said to be ample 
for the requii’ements of the “ Meldrum ” furnace ; and the 
temperature in the cell, if fitted with a regenerator, may be 
taken as averaging about 2,000 deg. Fall. 

Gteneral Scheme of the New Plant as installed at 
Hull, by Messrs. Heenan & Froude, Ltd. 

“ On arrival at the Depot all refuse passes over a weigh- 
bridge where the weight and classification of each load are 
recorded by the attendant, and the vehicles pass thence 
by wa}^ of the inclined roadway, to the high level tipping 
beam at the main refuse reception hojiper of the mechanical 
handh'ug plant, or direct to the emergency tipping beam in 
the rear of the top feeding floor over the furnaces. 

Emergency tipping is provided to ensure continuous 
operation of the furnaces m the event of mechanical break- 
down in the handling plant and also to admit of market and 
other special refuse which does not require screening, and 
magnetic treatment for separation of tins, etc., to be tipped 
direct on to the top feeding floor. 
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The normal flow of refuse is, however, by way of the 
mechanical hatidling plant, commencing at the main reception 
hopper which has a storage capacity of 45 cubic yards. Here 
the vehicles are tipped over a beam as they arrive, the refuse 
being gradually and eyenly fed out of the hopper by means 
of a slowly moving plate conveyor, 7 ft. wide, which forms 
the hopper bottom. 

in. and 1|- in. Screens. 

The discharge from the conveyor is on to a totally 
enclosed elevator 2 feet 6 ins. wide, which in turn discharges 
into a 7 feet, 6 ins. dia. circular horizontal screen, where both 
dust— I in. mesh — and cinders — 1|- in. mesh are taken out, 
the former being sorted in an overhead hopper of 30 tons 
capacity for discharge to and removal by road vehicles, and 
the latter taken away by a belt conveyor to the cinder 
cleansing plant, which is described later. By means of a 
deflecting shoot the screened cinder can be delivered when 
desired on to the tailings conveyor for incineration in the 
furnaces. 

The outlet end of the circular screen is provided with a 
powerful electro-magnetic separator of the horse-shoe type, 
which recovers tins and other magnetic materials from the 
refuse tailings as they pass out of the screen barrel. The tins, 
etc., are dehvered by means of a shoot to the room beneath 
where a mechanical motor-driven super-bailing press is 
provided. This machine has a capacity of about 10 bails per 
hour, each measuring 18 ms. by 12 ins. and weighing approxi- 
mately 60 lbs. 

After leaving the screen the tailings are received on a 
belt conveyor, 36 ins. wide, travelling at a speed of 45 feet 
per minute, from which is picked by hand, rags, paper, 
bottles, and other salvable articles which have a market 
value, these being collected in baskets and stored in bins 
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•until disposed of. The salved paper is deposited in bins along 
side the conveyor and is discharged to a mechanical motor- 
driven paper press in the room beneath, -where the tin baling 
press is also fixed. 

The paper press has a capacity of about 6 bales per hour, 
each measuring 3 ft. by 2 ft. by 2 ft. 

The delivery end of the tailings conveyor is elevated and 
fitted with a rotating discharge shoot to ensure a wide distri- 
bution on the top feeding floor of the tailiugs delivered there 
for incineration in the furnaces. 

Incinerator Plant, 

The destructor consists of one unit of 5 cells or furnaces 
on the “ Heenau ” system, each cell having its own inde- 
pendent ashpit with controlled air supply. 

The grates are of the flat tjrpe, each 30 square feet area 
and continuous, giving a total grate area of 150 square feet. 

Kefuse is handfed into the cells by means of circular 
openings in the main arch and firebrick lined doors in the 
top feeding floor, each cell having its separate feeding 
door. 

The cells are hand cliukered at the front through large 
door openings, the clinlcer being disposed of to the storage 
yard by means of steel skips suspended from hand propelled 
travelling runaway blocks on an overhead runaway track. 

A large combustion chamber is provided at one end of 
the battery of the cells where the gases are thoroughly mixed 
and burnt before passing to the boilers. The combustion 
chamber is provided with specially large doors which will 
admit the insertion of a whole carcass or other bulky articles 
for cremation. 
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Two “ Babcock & Wilcox ” patent water tube boilers 
are provided in one setting, each having a heating surface of 
2,422 square feet and capable of raising together 18,000 lbs. 
of steam at a working pressure of 200 lbs. per square inch. 
Super-heaters are fitted integral with the boilers and are 
capable of raising by 100° F., the whole of the steam produced 
by the boilers. 

The two boilers are so arranged with their respective 
flues and controlling dampers that either may be fired inde- 
pendently of the other, or they may be worked together. 
The two auxiliary furnaces are also quite independent of 
each other. 

Each boiler is also fitted with a complete installation of 
calorized Diamond soot blowers which are permanently fixed 
in the setting. 

Auxiliary Furnaces. 

Auxiliary Furnaces of the Turbine type are built at the 
front of each boiler for the purpose of maintaining steam 
throughout the night after the available supply of refuse 
tailings has been consumed. Fuel for the auxiliary grates 
is provided by the cleaned cinders recovered by the main 
circular screen and the cinder cleaning plant. 

Forced draught for the destructor cells is supplied by 
a motor-driven centrifugal fan which delivers air to the 
closed ashpits at a pressure of 3 in. W.G. 

Feed water is supplied to the boilers by a “ Weir ” 
vertical type steam driven pump and an mjector is provided 
for emergency and stand by. The boiler feed is passed 
tluough vertical heaters which are supplied with exhaust 
steam from the generating sets and feed pump. Two heaters 
are provided, each having a heating surface of 35 square 
feet, and the arrangement of piping and valves is such that 
either, or both heaters may be cut out of service. In the 
latter case the generatmg sets and pump would exhaust to 
atmosphere. 
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Gtenerating Plant. 

The Generating Plant consists of two steam driven shunt- 
wound generators of 76 K.W. capacity, each running at a 
speed of 600 r.p.m., and supplying a direct current at a 
pressure of 230 volts. The generators are direct-coupled to 
steam engines of the enclosed forced lubrication vertical 
double acting type, taking superheated steam direct from 
the boilers and exhausting, as above described, to feed water 
heaters or direct to atmosphere. The current generated is 
used for the various motors which drive the new plant, and 
for lighting the depot. 

The switchboard consists of polished ebony Sindanyo 
panels and comprises two 75 K.W. generator panels, two- 
power feeder panels and one lighting panel, each feeder panel 
having two 150 amp, circuits and the lighting panel one 60' 
amp. circuit. 

All power wiring between the switchboard and the 
various motors about the works is carried out with V.I.R.. 
cables in enamelled and screwed conduit. 

A constant supply of superheated steam from the boiler 
goes direct to the adjacent works after being reduced to 140 
lbs. pressure, and a “ Kent ” recording steam flow meter is 
installed in the engine room for this service. 

Other meters and instruments instaUed comprise a 
‘‘ Helix ” water meter in the boiler feed service, and a steam 
pressure recorder in the common steam main, connecting the- 
two boilers. 

A water softening plant is provided in which all feed 
water for the boilers is subjected to a lime-soda process for 
reducing the hardness. This plant has a capacity of 2,000' 
gallons of water per hour and the water is stored after 
treatment in a separate tank of 2,000 gallons capacity. A 
settling tank is also provided to enable sludge from the 
treatment plant to be recovered before the drainage water 
is turned into the main drainage system of the work. 
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Cinder Separating Plant. 

The Cinder separating plant, which receives all the 
cinders screened out of the crude refuse by the main screen, 
consists of a “ Heenan ” patent separating device which 
gives a clean cinder product with only a small percentage 
content of foreign matter, thus providing an excellent and 
cheap fuel for steaming the boilers when refuse is not available. 
A storage hopper of about 18 tons capacity is provided, into 
which the cleansed cinders are delivered by a bucket elevator 
and from which they can be drawn at will to vehicles for 
delivery to the boilers or as may be required. 

Debris from the Separating Plant is disposed of to the 
destructor, or by vehicles to outside the plant. A storage 
hopper of about 16 tons capacity is provided to receive un- 
separated cinders delivered by belt conveyor from the refuse 
screens. 

Clinker Treatment. 

Clinker is recovered from the cooling and storage yards 
by means of side tipping wagons on portable narrow-gauge 
track, and delivered at the crusher platform of the clinker 
grading plant. The Crusher is of the two roll type, each roll 
being independently belt-driven, and the shells made with 
axial corrugations. One of the rolls is adjustable to vary 
the size of the crushed product, and is retained by powerful 
cod springs, which allow foreign materials to pass through 
without injury to the rolls. The crushed clinker is elevated 
to a circular screen above a set of overhead storage hoppers 
of about 40 tons capacity, which are sub-divided for the 
storage of three grades of cMnkers, which can be loaded direct 
to road vehicles. 

An 8 ft. motor mill of the underdriven type with rotating 
pan has been installed in the old destructor building for 
making clinker mortar, the crushed clinker necessary for this 
purpose being obtained from the approximate division of the 
clinker grading plant storage hopper. 
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All sections of the plant are driven by electric motors of 
the enclosed ventilated type, with control gear fixed on the 
building wall adjacent, and the cables are so arranged that 
different sections of the work can be isolated from the main 
switchboard. 

The buildings, housing the mechanical plants, are of steel 
frame construction covered with asbestos cement corrugated 
sheeting on roofs and sides and lighted by means of glazed 
steel sashes. The new destructor building is of brick con- 
struction with slated roof and the generator house is adapted 
from a building previously used as an isolation stable. 

Capacity. 

The complete mechanical and destructor plant is capable 
of dealing with 120 tons of domestic and trade-refuse per day, 
the former in one shift of 8 hours and the latter in two shifts 
of 8 hours each. 

Desckiption of Special Featuees. 

The special features in the Heenan system may be 
tabulated as follows, but not necessarily in the order of their 
importance 

(а) Continuous furnace chamber with divided ashpits. 

(б) Special air heater or regenerator. 

(c) A rational and effective ventilation system. 

(d) Simple mechanical means for handling refuse and 

clinker. 

(e) Instantaneous charging. 

(/) A simple mechanical clinlveriug device applied to 
each of the main grates. 

(ff) Elimination of all dust. 

(/i) A special furnace design which assures good results 
both in the dry and in the monsoon periods, 

(f) Labour saving appliances. 

(j) Control of the chimney draft. 
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Desuription op the small incinerators in use 
IN Madras. 

Dr. W. B. MacDonald, late Health Officer of Madras, thus 
describes the method of small incinerators m Madras : — 

“ These were designed and modified to suit local 
conditions by Mr. C. L. T. Griffith, a.m.i.c.e., (now Professor 
of Engineering College), while Engineer to the Corporation of 
Madras. It may be mentioned that his experiments were 
conducted imder monsoon conditions in the latter part of 1910. 
The structure is a brick masonry one, with three rows of iron 
bars superimposed and each row placed at right angles to the 
other ; in the bottom of the furnace, ample draught apertures 
are allowed for, below and above is an upright masonry 
chimney on which is usually placed a 12'— 16' iron chimney ; 
an iron lid with a baffle plate is placed over the furnace, which 
is opened and closed by means of a wire pulley attached high 
up on one side of the masonry chimney. The cost of erection 
is a recommendation also, as the masonry work costs only 
Es. 100 and the iron chimney Es. 25 only. 

Separation op combustible from incombustible rubbish. 

“ (1) By drivers and sweepers in the divisions. In the 
forenoon trips a rough separation is made, so 
that nearly aU combustible material reaches the 
incinerator in the forenoon. What is left behind 
for the afternoon trips is nearly ashes and 
earth sweepings which contain a small quantity 
of organic matter. This is not usually taken to 
the incinerator but to the ‘ screeners ’ near by, 
where combustible material is separated out 
and carried a short distance to the incinerator. 

“ (2) By hand, rakes and forks^ which is the first 
operation on the arrival of the carts at the 
incinerators in the forenoon ; women and boys 
do the light work of picking out brickbats 
broken earthenware utensils, tins and other 
incombustibles. 
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“ (3) By screening : after the bulky burning material is 
separated out from these incombustible 
materials, a residue of earth, mixed with 
vegetable matter, smaller pieces of bricks^ 
bottles, etc., is left. This is then conveyed to 
the ‘ screeners ’ for finer separation with the 
result that we have, when screening operations 
are complete, a finely powdered earth with a 
small quantity of organic matter. Night-soil 
has always been carefully excluded. 

“ The ‘ screeners ’ are double, a large mesh in front, a 
smaller mesh behind, so that we get double ‘ screening ’ with 
the same operation. The wire work of the ‘ screener ’ is of 
expanded metal, the large mesh being whilst 

the smaller is |"'xi-"x^". The frame work is of wood on 
which the expanded metal is fixed by bolts. The ‘ screener ’ 
is placed in an upright sloping position and is supported by 
two supporting wooden legs hinged to the upper part of the 
wood work frame. 

“ One is constrained to believe that these small in- 
cinerators for the disposal of rubbish in Madras City have 
proved a sanitary and financial success, and that there is an 
important place for them in connection with conservancy in 
mofussil towns and villages in India and Burma, where the 
rainfall is not excessive. 

“ I. Incineration of night-soil mixed with rubbish . — 
Experiments were conducted for the disposal of night-soil 
along with rubbish at Chetput by means of one of these small 
incinerators, for about one month. 

“ Night-soil was procured from the two sanded latrines in 
the paracheries near by. It was free of liquid, but slightly 
mixed with sand. About 15 cart loads of suburban rubbish 
were brought in daily. After separation and screening, night- 
soil was freely mixed with the rubbish and then transferred 
to the incinerator furnace. So far as the disposal of the 
night-soil was concerned, the results were eminently satis- 
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factory, as the night-soil of 400 persons (half the population 
of the paracheri) could be disposed of daily without difficulty. 
The gases given off from the incinerating night-soil, however, 
proved such a vile nuisance, that I was compelled to dis- 
continue these experiments. I am of opinion, hovrever, that 
by using a dome incinerator this nuisance can be effectively 
controlled. 

“ II. Incineration during the monsoon.— It will be seen 
on reference to the meteorological table that most of the 
rain for the year in Madras City falls during the months of 
September, October, November and December. When rain 
falls continuously for a day or longer, conservancy opera- 
tions are entirely suspended so far as the removal of rubbish 
is concerned ; but when rain falls during some part of the day 
■or night, incineration operations are retarded on account of 
the sodden condition of the rubbish brought in. To combat 
this condition various measures have to be adopted. The 
rubbish is separated in the usual way, and spread out to dry 
in the open when sunshine is available, or under a hutcha shed, 
'One’s experience in Madras has been that rubbish spread 
■out for a short time in the sunshine and then sprinkled with 
crude kerosene oil can be disposed of by these small incinera- 
tors. Screening operations, however, have to be suspended 
temporarily until most of the moisture has been removed.” 

NOTE ON COLOMBO REFUSE DESTRUCTOR. 

By C. L. Cox, Esq., 

City Sanitation Engineer, Colombo. 

House rubbish in Colombo is collected in portable 
sanitary rubbish bins, the use of which is enforced throughout 
the City, and, together with street refuse, is removed in 
specially designed self-clearing single-bullock carts. 

2. Owing to difficulty m obtaining suitable sites, trouble 
in securing an efficient transport service and the sanitary 
'Objections against refuse dumping in the vicinity of the City, 
the Municipal Council have established a Refuse Destructor. 
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3. The following description of the plant and its method 
of operation is derived from particulars kindly supplied by 
the Works Engineer. 

The plant is of the Horsefall Back Feed continuous grate 
type with six cells designed to dispose of 10 tons each per 24 
hours. The hot air blast to the furnaces is supplied by twm 
Roots blowers drawing air through regenerative air heater 
from the intake over the rubbish delivery hoppers. The 
plant includes a Babcock & Wilcox boiler, an auxiliary oil 
engine for the blowers, two beast cremating chambers and a 
dust catcher of the Accrington Patent type. 

A feature of the plant is the additional oil fuel heating 
apparatus for use with wet rubbish. The oil atomized 
by super-heated steam and mixed with air, is ejected into 
the furnaces through sprajing nozzles. 

The refuse dehvery hopper has a storage capacity of 30 
tons. The back is sloped to deliver the refuse to the feedmg 
doors, and the openings through which the refuse is tipped 
are closed with balanced doors. 

The plant has been in satisfactory operation for nearly 
a year, and the following notes may be of interest. 

The rubbish contains a large proportion of sand and 
mineral matter. In wet weather it is 25 per cent, heavier 
than in dry. The capacity of the plant varies from 45 tons 
per diem in wet weather to 75 tons per diem in dry. 

The cost of destruction, including all charges except 
amortization and the cost of liquid fuel for the auxiliary 
burners, varies between Rs. 1-30 cents, and Es. 1-50 cents, 
per ton. A saving of 16 per cent, in rubbish transport 
charges has been effected by the use of the destructor. The 
furnace residue which consists of broken bricks, tiles, sand, 
fine ash and friable clinker, amounts to about 40 per cent, by 
weight of the rubbish burnt. Except as filling the furnace,, 
residue would appear to be useless, but the fine ashes are 
being tried on cocoanut estates and the dust from the flues, 
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and combustion chamber is stated to pos.sess some value as a 
fertilizer for use on local paddy fields. 

In the initial stages some trouble was caused by the 
accumulation of fine dust in the flues and regenerator, but 
this has been obviated by providing additional access and 
clearing openings. 

The oil jets are not entirely satisfactory and the benefit 
derived from their use does not correspond with the 
heavv expenditure of fuel. The defect is attributed to 
the fact that the flames do not properly impinge upon the 
rubbish.” 

Summary or the Practical Application oe the porecoing 
BY the Sanitary Official in India. 

In tropical and sub-tropical climates, the necessity for 
the early removal of refuse is increased by reason of 
the higher temperature, especially in moist atmosphere, 
accelerating decomposition. 

Flies and vermin multiply more rapidly, and 
bacteria, harmless and otherwise, iiropagate in suitable 
surroundings. The necessity of immediate removal of refuse 
and cleansing of premises is obvious. The conditions of life 
and the habits of the people are in themselves important 
factors which have to be considered. 

A large proportion of the inhabitants of India have no 
conception of the value of sanitation, and the Sanitary 
Officer becomes as much a teacher as an executive officer, and 
this is an important part of his duty if he desires success. 

It is a common thing to see a room occupied by the 
poorest, full of shining brass pots, but how are these pots 
cleaned ? 

lioad scrapings and dirty water, cow dung and silt form 
the material of cleansing. The milkman or Gowli cleans 
his millring pots in the same way ; any moist earth, cow dung 
or sand available is used, and mixed with water from a dirty 
stream, foul well, or wherever it can be had. 
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At the bathing places where hundreds congregate, round 
a well or tank or stream, the clothes and mouth and teeth 
are all washed in the same water, while others can be seen 
cleansing their pots and cooking utensils and milli: vessels 
with the dirty water and road scrapings surrounding the 
bathing place. 

The practice of expectorating anywhere, and at any time 
is so frequent as to be noticed by anybody, while a man 
will clean his nose with his hand, and wipe his hand on the 
nearest projection, lamp post, w’all, a passing cart or his 
clothes. 

Public latrines and urinals are provided, but are more 
often misused than not, while every corner or house-gully 
is used as a uruial even if accommodation is only a few feet 
away. 

Every form of filth is thrown out of the window on to the 
street, and packets of paper or leaves containing excreta 
may constantly be seen descending on to the pavement or 
street, very often on the head of a passer-by. 

In the most crowded thoroughfares of large cities, it is a 
•common thing to see people performing their ablutions on 
the pavement, or sitting at their shop doors, washing 
themselves, and the waste water running across the footpath. 

Every form of waste material is thrown on to the streets, 
the idea being that the Municipal sweeper will pick it up. 

In many of the houses of the poor are to be seen goats 
and fowls, sometimes cows and calves, living in the same 
room, the animals living on the refuse in the streets and 
shops. 

In towns w'here sanitary laws and bye-laws exist, some 
attempt can be made to improve these conditions by constant 
inspection, supervision, action and instruction. 

The following notices are issued in Bombay and action 
is taken against the offender : — 
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NOTICE. 

Waste Paper from Offices and Trade Refcse. 

A great nuisanco is caused by the Hamals of shops and offices depositing 
all the waste paper, wrappings, cardboards, sweepings, &c., &c., in the wire 
cages on the footpath. These cages are simply meant to be orderly boxes, 
to hold small quantities of paiier and dry materials picked off the jias-sages 
and streets pending the arrival of the conservancy cai'ts. 

The proper place for the deposit of the waste pajier and sweepings, 
from your office is the dust-bin cart or the travelling cart which calls 3 
times a day between 6 a.m. and 9 a.m., 9-30 a.m. and 10-30 a.m., and 
2 p.m. and 4 p.m. I must therefore request you to instruct your sweepers, 
not to deposit office waste paper or dust sweepings in the wire cages but 
to either send it to the nearest dust-bin stand or place it in the travelling 
cart which passes your door thrice daily. If you will provide a sack 
the waste paper can be easily removed without nuisance if you will make 
an arrangement with this office. Trade refuse is not removed by the 
Municipality free of charge but must be taken at the producer’s expense 
to Mahalaxmi Refuse Siding. 

I attach a formal notice an infringement of which renders you liable-, 
to a penalty. 

I have, etc.. 

Executive Health Officer. 

NOTICE. 

The attention of occupiers of houses and premises is drawn to> 
Section 372 (e) and 373 of the Municipal Act which provide respectively 

(1) that no person shall throw or place any dust, ashes, refuse or rubbish 
or any excrementitious or polluted matter on any street, or in any place- 
not inovided or appointed for this purpose under Section 367 or 368 ; and, 

(2) that if it shall be shown that dust, ashes, refuse or rubbish or any 
excrementitious or polluted matter has or have been thrown or placed on 
any street or place in contravention of clause (e) of the last preceding 
Section from building or land, it shall be presumed until the contrary is- 
proved that the said offence has been committed by the occupier of the 
building or land. 

Dust-bin carts are placed at the most suitable places for the 
deposit of refuse. 

Any one contravening the provisions of Section 372 (e) will be; 
prosecuted. 


Executive Health Officer. 

Fiequently, howeveij on account of the leniency of the 
magistrate or want of evidence, or some technical detail, 
prosecution fails, or the fines imposed are so trivial as to be 
ludicrous, and the efiorts of the public health authorities 
are in vain. Nothing but constant action and support by the- 
magistrates will ever have any effect. 
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Ajiy relaxation in tlie efforts of the ofl&cials, and tiie 
people relapse into their primitive habits. 

Sanitary dust-bins are being insisted upon for every 
bouse, floor and shop for the deposit of refuse, and a basket 
or bag for waste paper. 

Every person f oimd throwing refuse on to the street should 
be fined, and every person spitting in a public place should 
be prosecuted; any one urinating in a place other than a urinal 
or latrine and any one misusinga latrine severely punished. 

In a milch cattle stable, the washing place for the animals 
is also used by the milkmen for their domestic ablutions, 
and it is common to see a man wash himself, his clothes 
and his throat in the same place as he cleans his vessels in, 
using the waste water, sand and cow-dung, &:c., wiping out 
the vessel with a wisp of litter from the cowshed. 

Every milkman or miUrseller found cleaning his pots with 
anj’thing but clean water should have his hcense taken away. 

These are matters which have to be considered when 
applying practical sanitary methods in the East and the best 
way to apply them is by steady insistence on the regulations, 
assisted by instructions from the sanitary staff and male and 
female health visitors coming in touch mth the people and 
the support of the educated classes. 

Points to be remembered in connection with the Collec- 
tion, Eenioval and Disposal of Eefuse. (Town Sweepings). 

1 . The amount of refuse per head is greater in bulk in Indian 

cities than in European cities. 

2. The refuse is lighter in the dry season but decomposes 

more rapidly. 

3. Refuse should be removed twice a day in India. 

4. It should be disposed of as quickly as possible. 

5. The amoimt per annum per head of the population in 

large cities in India is about 7 cwts. 

6. The custom is for the people to throw all refuse on to the 

streets or passages ; this should be prevented by notices 

and prosecutions. 
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7. Sanitary dustbins should be provided for compounds; 

and boxes or baskets for eacb. floor of tlie bouse occu- 
pied by tbe poorer classes. 

8. Tlie refuse when collected should be taken to tbe place 

of disposal at once, 

9. Eacb district should be divided up into areas, with an 

Inspector, Mukadam and gang of coolies ; aU carts 
should have covers. 

10. The work should be regularly checked, — trips marked 

at the depot. 

11 . The refuse, if disposed of by reclaiming waste land should 

be covered over at once with 6 inches of dry earth. 

12. The reclamation ground should be well away from 

inhabited houses. 

13. Sprinkling the refuse with pesterine will prevent the 

breeding of flies, 

14. Land thus reclaimed should be cultivated at a profit. 

15. Destruction of refuse by incinerator is the best and 

cheapest method of disposal. 

16. To calculate the number of carts, bullocks and labour 

staff necessary, the following data will be required : — 
The population, amount of refuse to be destroyed, dis- 
tance to place of disposal. 

17. A cart drawn by a pair of bullocks will carry about 8 

cwts. of refuse, and can make 4 trips of 3 miles each in 
one wmrking day. 

18. One destructor cell wiU destroy 8 to 10 tons of refuse in 

24 hom’S. 

19. A population of 50,000 persons will produce domestic 

refuse at the rate of 40 tons a day, 

20. A four-cell destructor capable of destroying this amount 

of refuse will cost £ 5,000 to £ 6,000. 
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CHAPTER III. 

Collection, Removal and Disposal op Sewage.* 
The subject of the collection, removal and disposal of 
sewage in India is one of the most important the sanitary 
official has to deal with, as well as the most difficult. No 
matter whether the place involved is a village or a growing 
town or a large city, the all-pervading presence of the 
subject crops up at everv turn. 

The effect on public health of the conservancy system is 
enormous, beginning with the persistent smell of faecal 
matter, human and animal, in and around the houses, up to 
the pollution of the food or water supply of a large town, or 
the transference of disease by flies or other insects, 

To place the collection and disposal of human and animal 
excrement under proper control is one of the first principles 
of practical sanitation in India. It means a reduction in the 
sickness-rate, reduction in the mortality and an improve- 
ment in the condition of the people, morally, physically and 
hygieuically. 

Badly constructed trenches for the disposal of excreta 
and want of supervision in mofussil towns mean the 
propagation of disease by the dissemination of germs and 
parasites, by flies and dust reaching the person, his food, 
milk or water ; dogs, cattle, sheep and pigs contract and 
convey intestinal worms to the human being, and 
while the sun has a drying and disinfecting power, 
the high winds disseminate the germ-laden dust. 
The majority of towns in India snfier from a form of 
dysenteric diarrhoea due to this pollution of food or water. 

Coming to towns which are drained or partially drained, 
but where only few of the houses are connected, as is the case 
in the majority of towns in India, the sickness caused by the 
existing system is impossible to estimate. The open drains 
receive the contents of the overflowing privy receptacles, the 

* A gIo»sary of technical terras is added at the end of the Chapter, 
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seiiii-fluid matter percolates thxongli the soil or lies in the 
open drain and forms a breeding and feeding ground for flieS; 
rats, mosquitoes and vermin. Even in houses, where 
water-closets exist, it is the custom for the same sweeper to 
attend to many houses either to clean the I3an or wash the 
seat and bath. This is done with the same brush or cloth 
in several houses and it is easy to imagine the possibility of 
disease being spread in this way. 

Any attempt at improving the sanitation of a grovying 
town or city will never succeed unless the collection, removal 
and disposal of night-soil is dealt with in the strictest and 
most practical manner : the collection of the excreta at 
regular intervals in a systematic way and the disposal either 
by proper trenching, incineration or a suitable system of 
drainage. 

Amount of Excreta and Collection, 

Experunents on Bengali prisoners gave an average 
bowel excretion of 12 ounces or .75 lb. due to the large 
bulk of vegetable diet eaten by Hindus. This confirms the 
observations of Dr. Hewlett in Bombay. The volume is 
due to the proportion of water it contains. In addition to 
this there are 40 ounces of urine, and the ablution water 
which must be added, is estimated at 40 ounces per head of 
the population. 

In Bombay, in those parts where the houses are not on 
the water-closet system, 2 lbs. per head per day for each 
adult and 1 lb, for each child is the amount of excreta 
estimated to be actually removed, inclusive of urine and 
part of the ablution water in the Indian population ; a 
fairly large percentage of the urine and ablution water and 
fgeces passes off into the drain and cannot be collected or 
soaks away owing to defects in the drains and pipes. 

Eresh fmcal matter from healthy persons, living on a 
mixed diet, has an acid reaction when mixed with urine, 
and this it retains for a considerable time ; it then becomes 
10 
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alkaline from ammonia. If free from urine, it nsually 
decomposes slowly and in liot weather often dries on the 
surface, and subsequently changes but little (in England) for 
some time. In India, it is reduced to powder by the alternate 
action of sun and dew, and falls into the ground or is dis- 
persed by the wind. 

An adult male, living on a mived diet of animal and 
vegetable food, passes 4 ozs., by weight, of solid excreta daily. 

A daily average for a mixed population of men and 
women and children, on a diet of animal and vegetable food, 
may be taken at 2| ozs. solid and 40 ozs. urme. 

From the analysis of the solid and fluid excrement of 
all nations, sexes and ages made by various authorities, the 
annual produce of the four principal ingredients foimd, per 
head, is as follows 


— 

! 

[ Pseces. 

Urine. 

1 

Total. 

Value. 

Ammonia {Nitrogen) 

Pounds. 

1.49 

Pounds, 

9.38 

1 Pounds. 
10.87 

Shillings, 

7.3 

Phosphate of Lime (Phosphoric Acid) 

2.00 

2.80 

4.80 

1.7 

Potash 

0.25 

1.08 

1.33 

0.7 

Organic substances 

10.51 

22.49 

33.00 

0.7 

Total . . 

14.25 

35.75 

50.00 

10.0 


The fertilising value of excreta per annum per head of 
the population living on a mixed diet is stated to be equal 
to raising as much grain as 75 lbs. of guano, and equal to 
increasing the yield of grain by 3.21 bushels per acre in 
addition to wdiat the land would yield without manure. 

The Peivy System. 

Difierent methods are being followed by the inhabitants 
of India in difierent places for getting rid of the night-soil. 

The commonest method adopted in villages and towns 
is to use the open fields or at a sea-side place, the sea-shore. 

In other cases, trenches are cut in the ground into which 
earth is thrown after use. 

An improvement over the preceding methods is to use 
a stone or earthen squat-seat with or without a receptacle. 
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An improved modidcation of tlie above is tbe privy, 
m wbicb the person squats on a cemented platform, the 
uriae and faeces beiug discharged on to a sloping shoot of 
iron or cement or glazed earthenware into a receptacle. 



Old Form of Basket Privy. 

Various patterns of these are on the market and much 
improvement has been made in them of late. 

The receptacle may be of basket work, iron ox earthen- 
ware. 

It is the custom for the majority of Indians to use 
ablution water and this adds to the quantity of matter to 
be removed. 

Forms of seats and receptacles have been designed to 
separate the liquid from solid matter ; this is desirable but 
rarely carried out. Faeces and urine combined decompose 
more readily than when separated. 

In India there is no dry earth system as known in 
European cities ; it is rare to iSnd outside Military 
Cantonments any form of privy in which dry earth or ashes 
are added to the excreta immediately after the us4 of the 
privy. 
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In practice this method is found successful in public 
institutions where there is no sewage system. The important 
thing is the addition of dried earth 1 lb., each time the pail 
is used. In drying, the earth should not be heated so as 
to destroy nitrifying organisms which disintegrate the night- 
soil or humify it. The material must be tolerably dry. The 
action is aerobic. 

The obj ects to be attained in providing privy accommoda- 
tion in places where sewers do not exist are : — 

1. Position of latrines should be away from the build- 

ings and to the leeward side. 

2. Impervious floor and wall and seat or platform of 

impervious material. 
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5. Ventilation of tlie privy. 

6. Washing and cleansing of receptacles. 

The position of the cess-pools should be away from 
buildings and wells and affording facilities for access and 
emptying. 

In sewered towns where the latrines are not connected 
with the sewer, receptacles have to be provided and the 
contents removed to pail depots by hand or carts. 

The essence of practical sanitation in all countries is the 
immediate removal of all waste products. This should be 
more particularly the case in tropical countries, where 
decomposition sets in more rapidly. 

In towns where the houses are built of two or more 
storeys, with the privies on each storey the system is one 
of the most insanitary features to be met with. In Bombay, 
there were hundreds of houses in which priv}^ seats were 
placed one above the other at one end of a dark passage 
within the building. A number of them are yet to be seen. 
The platform or seat of the privy is made of cement or stone 
or glazed earthenware in which there is a slit about 6 inches 
wide and a shoot directly connected to an iron, earthenware 
or stone shaft common to all the privies on the several floors. 
This shaft opens out below into a square compartment (called 
trap) at ground level and directly over a basket or iron 
receptacle placed therein. The trap is fitted with a door, 
to prevent the receptacle being viewed by passers-by or 
residents in the adjoioing buildings. The excreta discharged 
into the shaft drop into the receptacle 30 to 60 feet below 
with a splash. The shaft becomes coated with filth, the trap 
below is smeared with particles of excrementitious matter 
and the stink that emanates from the privy is most repulsive. 
The presence of the decomposing filth attracting flies is 
a serious danger to health, apart from the constant foul 
smell and pollution of aic of the rooms. 
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Tlie custom of removing tiie excreta by band is not only 
objectionable but constitutes a serious danger. Tbe night- 
soil remains in the receptacle for hours together and makes 
a breeding place for flies and other vermin. Gases evolved 
from the decomposing filth adhering to the seats and sides 
of the shaft, enter freely into the house. The immediate 
surroundings in the area of the privy range at ground level 
are always wet with particles of night-soil scattered about and 
floating in the open channel drain immediately alongside. 
The sight of the halalkhore mo%dng along the public streets 
with his loaded basket leaves much to be desired. 

The remedy lies in the entire abolition of the prh’j 
system. This system is not merely insanitary ; it offends all 
sense of decency and undoubtedly tends to lower the moral 
standard of the staff engaged in the work. The existence 
of privies largely accoimts for the spread of Enteric fever 
and epidemics of summer diarrhoea. The process of cleans- 
ing and removal is an annoyance and an affront to the 
eyes and nose, whilst the cost of such cleansing is unduly 
high, and much in excess of that which is entailed where 
superior means of collection and removal exist. 

Disposal op Night-Soil. 

The night-soil collected in the conservancy system may 
be disposed off by one of the foUowing ways : — 

(z) Dumping into the sea or river. This must be 
done at a selected spot from which the excreta 
will not be washed ashore either by tbe tide 
or the wind. 

(n) By inciueration, 

(zu) Trenching. 

(а) Shallow. 

(б) Deep. 

Incineration . — This system requires the separation of 
the solid from the liquid excreta and a sufficient supply of 
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horse-litter or dry rubbish of an inflammable character. 
It can be practised in small institutions like jails and hospi- 
tals. The objection urged against its general application 
are 

(a) That the rubbish in civil stations is usually of 
such a character that it will not burn well. 

{b) That it is usually damp and in the rains wet and 
requires long storage. 

(c) That constant supervision is required. 

(d) That no income accrues to the Municipality from 

the sale of rubbish and night-soil, although the 
expenses of cartage are diminished. 

(e) The smell of incinerators. 

Trenching . — When properly carried out, this system 
is one of the best for the disposal of night-soil in small towns 
and villages in India. The prime requirement is a sufficient 
area of land, suitably situated in the neighbourhood of the 
town. The soil for eflective trenching should be loamy 
and porous and fairly well-drained naturally. The rainfall 
in the locality must not be heavy as trenching has to be 
carried out throughout the year and permits of no inter- 
ruption. The trenching ground should be situated at least 
half a mile away from the residential area and properly laid 
out accordiug to the method of trenching to be adopted. 
Similarly there should be no sources of water supply like 
tanks or wells, near the trenching ground as they are 
likely to be contaminated. A row of trees may be planted 
along the side of the land adjacent to the town. Proper 
roads should be constructed from the town, leading to the 
trenching area. Arrangements should also be made for the 
supply of sufficient amount of water on the spot for washing 
the night-soil carts and other receptacles. 

Trenching may be carried out on the shallow or the deep 
system. The former method is the better of the two but 
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requires a larger area of laud. Deep trenching is only under- 
taken for the purpose of economising on land, A larger 
amount of night-soil can be dumped into a deep trench no 
doubt, but it suffers from the disadvantage that there is 
greater likelihood of nuisance arising with less i)urification 
of the night-soil. The organisms which simplify and render 
harmless the constituents of the night-soil are confined to 
the superficial layers of the soil and, therefore, with the 
deep trenching method, purification of excreta will not only 
be delayed but unless properly supervised, offensive gases 
may be given off, due to decomposition of sewage, causing 
a nuisance to the neighbourhood. 

Shallow trenching . — The area should be divided into 
3 plots, each plot capable of dealing with the excreta of the 
whole year ; one plot should be used every year in succession. 
The length of each trench would be decided by the length 
of the plot of land. The depth may vary from 9 inches to 
2 ft, ; on an average, it should be 18 inches. Similarly, the 
width may vary from 18 inches to 2 ft. The trenches should 
be dug in straight parallel lines 2 ft. apart from one another. 
The amount of night-soil to be placed in each trench may 
vary from a layer of 3 inches in the trench with the minimum 
depth (9 inches) to 1 ft. in the trench with the maximum 
depth (2 ft.). Immediately after the night-soil is tipped in, 
the trenches should be filled in with the excavated earth. 
They would then present the appearance of lines of mounds, 
the elevation indicating the site of the trench. The earth 
will subside in a few months to the general ground level. 
Night-soil thus trenched will usually be resolved into harm- 
less products in about six months. As the rapidity with 
which such changes are effected depends largely upon the 
character of the soil, it is desirable in every case, to ascer- 
tain, by an experimental excavation whether the contents 
of a trench are dry and inodorous. The contents of such 
trenches are in demand by cultivators as they possess high 
manurial value. 
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Each plot of land may thus be used for one year after 
which it should be levelled and a few crops such as those of 
maize, tobacco, etc., taken off it. Land thus treated may, 
therefore, be trenched one year and crops obtained off it for 
the succeeding two years. 

A modification of the shallow trenching system intro- 
duced by Col. Thornhill at Bareilly may be undertaken in 
places where there is no sale for the resulting manure. The 
trenches are shallow but wider and of a particular specifi- 
cation, viz., 16'x5'xl' with 6 inches between each trench 
and 6 inches between each line of trenches. The soil removed 
is thoroughly pulverised (an essential condition) and 2 inches 
is returned to the trench into which the contents of one or 
more night-soil carts are tipped. If the night-soil is mixed 
with earth, the whole of the remaining earth need not be 
returned. Rich crops of potatoes and tobacco may be 
obtained by direct cultivation. Land so treated does not 
require manuring again usually till the fourth year. 

Dee^i tremlwig . — As an example of this system, the 
Nasik system may be described. The trenches are dug in- 
stiff soil, which admits of their shapes being retained and 
they can be used over and over again. The trenches are 
usually 12 ft. iu length, 4 ft. in width and 3 ft. in depth. 
The length may be increased to as much as 80 ft. depending 
upon the length of the trenching ground but the breadth 
should not be more than 5 ft. and the depth, not more than 
4 ft. because of the expense of digging the trenches and 
covering the night-soil subsequently. The night-soil is 
carried to the trenching ground in carts, which are emptied 
into the trenches by being tilted backwards. The night-soil 
is practically liquid and finds its own level in trenches of any 
length. After the day’s excreta are tipped into a trench, a 
layer of a few inches of kutchra (town-refuse) is lightly 
sprinkled on the top. It floats on the night-soil and con- 
stitutes an efficient seal, thus keeping out flies. During the 
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next da^ or tvfo and sometimes even later, in a long troncli, 
there are here and there volcanic eruptions of gas and night- 
soil through the refuse. A sweeper goes round and patches 
up these with a shovelful of Icutchra. As the night-soil 
dries, the level of the top of the trenches shrinks. The earth 
originally excavated can be used to protect the sides of the 
trenches from running rain water. 

The same trench may be used for depositing the night- 
soil of several days into it. Each day’s night-soil has to be 
sealed with kutchra and the next day’s is allowed to run on 
top of it. 

Trenching at Nasik can be carried out all the year round. 
The monsoon does not interfere with it because night-soil is 
treated as liquid. If it gets diluted with rain water, it will 
dry away subsequently and will shrink further. 

The night-soil ripened in a year’s time, resembles very 
much the ordinary earth in appearance and is without any 
smell. It is in great demand by cultivators. 

The system is efficiently worked out and there is no 
smell perceptible near the trenching ground nor is there 
any fly nuisance. 

Deep trenching attempted on the lines of the Nasik 
system, at Ahmedabad and in the suburbs of Bombay has 
not proved successful, probably because the soil being 
water-logged was not suitable for the purpose. 

The Water-Carriage System. 

The best substitute of the privy system is the water- 
carriage system. The excreta deposited in a suitable recep- 
tacle called the soil-pan are carried away by a flush of water 
through a system of pipes— the drains and sewers— to the 
outfall in such a way that there is no nuisance produced 
either in the house or in the neighbourhood. 
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Tlie different parts of a water-carriage system are (1) 
the water-closet ; (2) the soil pipe ; (3) the house-drain ; and 
(4) the sewer. 

(1) The water-closet consists of a soil pan for the deposit 
of excreta, connected to a bent pipe— the trap, which holds a 
certain quantity of w’ater for maintaining the water-seal. The 
trap is connected to the soil pipe. Connected with the soil 
pan by means of a pipe is a cistern called the flushing cistern, 
which delivers a certain quantity of water for flushing the 
water-closet, either automatically or when a chain attached 
to it is pulled. 



The essential qualities of a good water-closet are : — 

(1) that it should be made of non-absorbent material ; 
(2) that it should be self -cleansing ; (3) that it should be 
simple in construction and not liable to get into a state of 
disrepair ; (4) that it should not require more than 3 gallons 
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of water for thorough, and effective cleansing ; and (5) that 
it should have a good trap with an efficient water-seal. 

The trap connected to the soil-pan may be of the P or S 
variety but should be such as to hold a water-seal of 1-|- to 
3 inches. It should be self-cleansing with the available flush 
of water. 

The capacity of the flushing cistern should be such as to 
hold 2 to 3 gallons of water. The pipe connecting the flushing 
cistern with the soil-pan should be about inch in diameter. 
The flushing water should on no account be taken directly 
from a tank ox service-pipe which supplies water for house- 
hold purposes but each closet should have its own separate 
flushing cistern. 

Flushing cisterns should be placed at least 4 feet above 
the level of the closet-seat. They should be made of iron 
and provided with siphon action. A small pull of the chain 
puts the siphon into action when the whole contents of the 
flushing cistern are discharged into the soil-pan. Flushing 
cisterns should be supplied from a tank the water from which 
is not used for any other purpose. Water-closets should 
always be placed against the external wall of a building. 
Each closet should be provided with a window, opening into 
the external air. 

(2) Soil-pipes are pipes for conveying the excreta from 
the water-closet to the house-drain. They should be air and 
water-tight, and so placed as to be capable of being inspected 
throughout their course. Consequently they are situated 
outside and against the external wall of the building. Soil- 
pipesmaybe of drawn lead or of heavy cast-iron coated with 
Angus Smith’s Solution. A diameter of 3 inches for a soil- 
pipe is considered sufficient. For the purpose of ventilation, 
the soil-pipe should be continued upwards without diminution 
of its diameter and without bends and angles to such a height 
above the roof and in such a position as will permit 
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a safe outlet for foul air, Tlie soil pipe should not be 
connected with a rain-water pipe or waste-water pipe of any 
bath, lavatory basin or sink other than a slop-sinlv. The 
open end of the soil-pipe should be fitted with a suitable 
grating or wire-dome to prevent birds from building their 
nests in it or the introduction of any other thing lilcely to 
cause an obstruction to the pipe. 

When several water-closets on different floors discharge 
into the same soil-pipe, the traps of the lower closets are 
likely to be unsealed when a water-closet on a higher floor 
discharges its flush. To prevent this, anti-siphonage pipes 
are provided between the trap of each water-closet and the 
soil-pipe. The anti-siphonage pipes coming from different 
closets are connected up to one single pipe which is either 
carried uj/wards separately by the side of the soil-pipe or 
connected to the soil-pipe above the level of the highest 
water-closet. 

The main soil-pipe is connected by a stone- ware rest bend 
to the house-drain which is supported on a bed of concrete. 
No trap should intervene in or between the soil pipe and the 
drain with which it is connected. 

The connections between the soil-pipe and the trap and 
the trap and the water-closet should be made in such a way 
as to render them effective for work, and the jointings and 
materials used should be as prescribed in the. London County 
Council Bye-laws, page 173. The points to be remembered in 
respect of connections and joints are summarised below 

{a) The connection of a lead pipe with a lead trap should 
be by a fused, burned or wiped plumber’s joint. 

(6) The connection of a lead pipe or trap with a copper 
pipe, or trap should be by a wiped plumber’s joint. 

(c) The connection of a lead pipe or trap with an iron 
pipe, trap or drain should be by means of a thimble 
or flanged ferrule of copper, brass or other suitable 


I 
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allo}" connected with, the lead pipe or trap hy a 
wiped plumber’s joint and with the iron pipe, 
trap or drain by a joint made with a gasket of 
hemp or yarn and metallic lead properly caullced. 

(d) The connection of a lead pipe or a trap with a stone- 

ware pipe, trap or drain should be by meaus of a 
thimble or ferrule as described in (c) connected 
with pipe or trap by a wiped plumber’s joint and 
with the stone-ware pipe, trap or drain by a 
joint made with a gasket of hemp or yarn and 
cement. 

(e) The connection of a copper trap with a copper-pipe 

should be by means of a union nut or flanged 
coupling. 

(/) The connection of a copper pipe or a trap with an 
iron pipe, trap or drain should be by means of a 
thimble or flanged ferrule of copper, brass or 
other suitable alloy connected with the copper 
pipe, or trap by a union nut or flanged coupling 
and with the iron pipe, trap or drain by a joint 
made with the gasket of hemp or yarn and metallic 
lead properly caulked or with flanges securely 
bolted together with some suitable insertion. 

(g) The connection of a copper pipe or trap with a stone- 

ware pipe trap or drain should be by means of a 
thimble or ferrule of copper, brass or other suitable 
alloy connected with the copper pipe or trap 
by a union nut or flanged coupling and with the 
stone-ware pipe, trap or drain by a joint made 
with a gasket of hemp or yarn and cement. 

(h) The connection of an iron pipe or drain with an 

iron trap should be by a joint made with a gasket 
of hemp or yarn and metallic lead properly caulked 
or with flanges securely bolted together with some 
suitable insertion. 
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(i) The connection of an iron pipe, trap or drain with a 
stone-ware pipe or drain should be by a joint 
with a gasket of hemp or yarn and cement. 

Much progress has already been made in Bombay in 
this direction, as all new houses and also the Public Sanitary 
Conveniences have now such accommodation on the full 
water-carriage sy.stem ; as regards the old existing privies, 
action is being proceeded with for their conversion. The 
Bombay Corporation ha.s succeeded in converting 26,000 privy 
seats mto water-closets by a subvention scheme started in 
1929, spending Rs. 18,00,000 in helping the house-owners in 
meeting a part of the expense. 

The argument that water-closets get out of order and 
are not suitable to Indians is overdone. A suitable form 
of water-closet with automatic flush and projrer supervision 
is practicable in the majority of houses in large Indian towns. 

The objections urged against water-closets in Indian 
towns are owing to : — 

(1) the want of sufficient supply of water, (2) the 
habits of the people, (3) the inefficiency of the 
sewers and (4) the cost. 

Without a proper supply of water, a water-closet 
connected with the sewer is undoubtedly not free from 
danger. Arrangements should be made to keep the water- 
closet properly supplied with water by providing suitable 
storage tanks properly covered and fitted with automatic 
fittings and not directly connected with the water-closet. 
The size of the tanks necessary can be estimated by taking 
the census of the building, allowing for one day’s supply 
and calculating 5 gallons per head per day for water-closet 
purposes. 

(3) House-drains convey the excreta discharged from 
the water-closet by the soil-pipe, waste- water from baths and 
sinks and also a certain amount of rain-water. They 
are meant to convey the waste-products to the sewer as 
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expeditiously as it is possible for a flush of water to do and it 
is necessary in constructing drainage-works that jsroper care 
should be exercised in the selection of the materia ls as well 
as in the laying of drains. 

As regards the materials, the house-drain may be made 
of either glazed stone-ware pipes or cast-iron pipes. The 
stone-ware pipes to be used should be well burnt and salt 
glazed which renders them more durable. They should 
preferably have withstood the hydraulic pressure test before 
leaving the factory. Under these circumstances they are as 
good as the best cast-iron pipes, besides possessing an addi- 
tional advantage over the latter in being incorrodible. 

Stone-ware pipes are usually made in 2 feet length and 
the most suitable thickness is considered to be, 

7/16" for 3" internal diameter. 

V » 

9/k" „ 5" 

5/8" „ 6" 

11/16" „ 7" & 8" „ 

r » 9 " 

Cast-iron pipes to be used for drainage works must be 
of a uniform thickness and be free from flaws, cracks or sand- 
holes. They should not be brittle but allow of easy cutting, 
chipping, drilling, etc., and when struck with a hammer, 
should emit a clear and bell-like sound. The advantages 
claimed for these pipes are — (1) greater strength, (2) greater 
length (&' to 9'), (3) greater rigidity, (4) fewer and more 
reliable joints, they being of molten lead and (5) more ex- 
peditious laying. 

Cast-iron pipes before being laid should be treated either 
with Angus Smith’s Solution or by the Barff process. 

The best thickness for 9' cast-iron pipes should be as 
follows ; — 

5/16" for 3" diameter. 

I" „ 4", 5" and 6" diameter. 

7/16" „ 7", 8" and 9" diameter. 


11 
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Drains should be laid in straight lines with suitable fall 
from one end to the other and the sooket-end of each segment 
of the pipe directed towards the house should receive the 
spigot-end of the segment above. The usual size of a main 
house-drain is 6 inches but branch drains rarely exceed 4 
inches in diameter. The fall should not be less than 1 in. 
40 or 60. The joints between the different segments of the 
drain should be properly made. In case of stone-ware pipes, 
the joint should be made with a jacket of hemp or yarn and 
cement ; if cast-iron, it should be with a jacket and metallic 
lead properly caulked in. 

Stone-ware drains should be laid on a bed of concrete 
at least 6 inches thick so as to prevent subsidence ; the concrete 
should project on each side of the drain to a width of not less 
than 6 inches. 

Branch drains should meet the main-drain obliquely in the 
direction of the flow of such drain and as near as possible to the 
invert of the drain. Drains should not be constructed so as 
to be within or under any building but where it is impracticable 
to do otherwise, precautions should be taken to protect the 
pipe. As far as possible, iron pipes alone should be used. 
They should be laid on a bed of concrete as mentioned above. 
If the use of stone-ware pipes is unavoidable, they should be 
constructed in a bed of concrete and should have in addition 
a casing of concrete on the upper surface, at least 6 inches thick. 
When the pipe passes beneath a wall, it should be protected 
at this part by means of a relieving arch or other support 
which does not bear on the drain. 

Manhole inspection chambers should be provided in the 
course of a drain at suitable intervals which should not exceed 
100 feet. They allow of inspection and cleansing in case the 
drain becomes choked. 

As far as possible drains should be in straight lines but 
where a change in direction is necessary, it should be made by 
means of a curved pipe. Manhole inspection chambers should 
be provided at these points also and branch drains may open 
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into tlie main-drain at tliese sites. Where an increase in the 
diameter of the house-drain is necessary to accommodate the 
additional amount of sewage flowing in from the branch drains, 
it should be secured by means of a taper or diameter pipe. 

An inspection chamber should also be constructed at 
the junction of the house-drain with the sewer. The house- 
drain in the form of a half channel pipe and embedded in 
concrete passes on the floor of this chamber and branch drains 
may be made to open into it, also as half-channel pipes. 
The end of the house drain is connected with the sewer through 
an intercepting trap, with a water-seal of 2 to 3 inches. The 
water-seal is meant to prevent the sewer air from entering 
the house-drain and thence into the house, but since sewer 
air is not more dangerous than air from the house-drain, this 
does not seem to be an important use of it. It is more useful 
to prevent sewer rats from entering the house-drain. The 
intercepting trap is provided with a raking arm or clearing 
eye which is ordinarily kept closed by means of a tight-fitting 
cover. The side walls of the inspection chamber are ren- 
dered impervious with cement or by being lined with glazed 
tiles or bricks set in cement. For the purpose of the ventilation 
of house-drain, a jiipe is carried upto above the ground-level 
from the distant end of the inspection chamber. The upper 
end of the pipe is guarded by a mica-flap valve set in a metal 
case. The mica-flap is so arranged that it allows air from 
outside to enter the inspection chamber and the house-drain 
but closes automatically, in case gases from the house-drain 
try to escape through it. This pipe therefore acts as an inlet 
ventilator, the outlet ventilator being the soil-pipe, carried 
up above the eves of the house. All man-hole and inter- 
cepting inspection chambers should be provided with suitable 
iron covers either groved or bolted. 

Practical Application op the Foregoing. 

It will be convenient at this point to discuss the 
apphcation of these rules to the difierent classes of houses in 
cities and towns in India. 
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Eeference has already been made to the various forms of 
privy accommodation, and how the excreta and sullage water 
are removed to the sewer. In many parts of every city in 
India there are no sewers available and recourse must be had 
to cess])its for sullage water. Sullage water may be described 
as the waste water from cook-rooms, bathrooms and nahanis, 
which does not necessarily contain excreta, though in India 
it would, be difficult to eliminate fecal matter as an ingredient 
of sullage. 

The classes of houses to be met with are— 

1. Those on European style with water-closets and 
baths drained and connected with the sewer on the modern 
system, as already described. 

2. Bungalows with gardens. The waste water from 
baths and stables and kitchens discharges into drains and 
sewers ; the servants’ water-closets are connected with the 
sewer, the tenants of the bungalows using commodes which 
are emptied by hand. 

3. Indian houses with water-closets and bathing 
accommodation separated from the houses, all connected 
with the sewer. 

4. Indian houses with nahanis inside the house, and 
with the privy system, on basket; the contents of the privy 
receptacle are removed by hand ; the waste water from bath, 
kitchen, nahaui or mori and the overflowings from the 
privy receptacle discharge into covered pipe drains in the 
gully or passage between the houses and into the house 
drains and sewer. 

5. Similar houses but where the sullage and overflow 
from the privy receptacle pass into an open drain and then 
into the house drains and sewer. 

6. Indian houses on the privy receptacle system with 
a cesspit, the sullage from the kitchen, nahani and bath dis- 
rharging also into a cesspit. In this case the snllage, water 
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should be kept separate from the privy, and both cesspits 
should be emptied daily. 

The Municipal Act provides that where there is a sewer 
within 100 feet of the premises, the ovuier must connect his 
drain with the sewer. Where there is no sewer within 100 
feet, a cesspit must be provided into which the liquid from 
the privy receptacles and kitchen waste should discharge 
by means of a 4-ineh pipe properly laid. 

The capacity of a cesspool for houses of this Ivind in India, 
should be sufficient to hold 24 hours’ flow. The cesspool 
should be placed as far as possible from the dwellings, and 
ventilated with a 3-inch pipe, carried well above the highest 
window. The cesspool for privies should be separate from 
that for nahanis and should have a capacity of 3 cubic 
feet per privy seat, with a minimum of 25 cubic feet, 
and should be regularly emptied once in 24 hours. The 
cesspit should be constructed of brick laid on concrete and 
internally rendered with a -1- inch layer of cement and sand. 
Its walls should be brought up 6 inches above the surface 
of the ground, so that surface water should not be able to 
enter it, and covered with an air-tight cover to prevent 
noxious odours. Cesspools for sullage water from bath rooms 
should be similarly constructed, and if the water is used in 
the garden, care should be taken to see that they are regularly 
emptied and properly covered, so as to prevent the breeding 
of mosquitoes. 

Public Sanitary Conveniences. 

The Municipal Acts in force in India lay down that the 
sanitary authority shall provide and maintain, in convenient 
situations, and on sites vesting in the Corporation, water- 
closets, latrines, privies and urinals, and other similar con- 
veniences for public accommodation. 

It devolves on the Health Department, as a rule, to 
advise on the number, site, capacity and form of public 
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oonvoniences, and in doing tliis the following points have to 
be considered : — 

In very few cities in India is it possible to have a latrine 
for every house. 

The Act empowers the sanitary authority to insist on 
the pro\usion of privA^ accommodation for each house. The 
Bombay and Calcutta Miiniciiial Acts do so, and the Public 
Health Act, England (1875), but with modifications. For 
example, if the privy accommodation, already provided, is 
common to .several houses and is sufficient, or if there is 

— Automatic Flushing Urinal — 



sufficient Municipal accommodation available in the neigh- 
bourhood, the sanitary authority need not insist on separate 
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aocommodation for eacli liouse. These circimivStarioeK then 
have to be considered, and to meet the requirements of the 
people it will be necessary to decide what Municipal public 
aocommodation is required for different localities — 

1. Where no drains and sewers are available and the 
night-soil has to be carried to a trenching ground. 

2. Where sewers are available but water is not sufficient 
for a constant supply at full pressure, and the night-soil has 
to be carried to the pail depot. 

3. Where the water-closets can be on the full flushing 
system. 

Amongst the poorer classes, in mill districts, docks and 
localities occupied by daily labourers, the houses are 
provided with latrines common to two or more. Mills and 
factories must provide latrines in some form or other. 


— IMPROVED URINALS — 



URINAL CULAR BACK IN ONE PIECE 


The bye-laws to be made under Section 6 of the Housing 
Act of 1925, England, require the provision of closet aocommo- 
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dation, “ adequate for the use of and readily accessible to 
each family in houses intended or used for occuiiation by 
the working classes”. 

The early hours of the morning, from 4 to 8 are the time 
when the latrines are most used, and, as there will be a rush 
for the latrines in the compounds of the houses, public 
latrines will be in demand. A visit to a latrine will probably 
take 4 minutes, therefore 16 person can use one seat every 
hour or 60 in the first 4 hours ; and on this basis, 15 seats 
will be sufiicient for a population of 1,000 because the whole 
population would not require to use them at the same time, 
but only those who cannot be accommodated at their houses 
or works, Eor large blocks of labourers’ dwellings, or mills 
or factories, more accommodation is required, and in Bombay 


- Crawford system Latrines- 
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to that effect, it has been so long the custom that it is now 
recognised by architects and the Magistrates’ Courts. In the 
Factory Act, 1 seat for 50 persons is laid dowui, but this is 
not sufficient, unless on the water carriage system, even when 
separate urinals are provided. 

Public latrines and urinals should be provided at suitable 
places, for examiale, outside theatres, the neighboiuhood of 
docks and railway stations, tram terniinii, burial grounds 
and markets, &c., stables and large blocks of dwellings. 

Public conveniences on the water carriage system should 
be tiled inside and paved outside for a distance of 6 feet all 
— LATRINES ON WATER CARRIAGE SYSTEM — 



round, and provision made for washing the surrounding 
pavement. 


No matter what accommodation is provided, fouling of 
the roads in the neighbourhood of latrines and urinals always 
takes place in India. The inside of urinals and latrines is 
not only misstied, but the outside as well. 
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The automatic fiiisliing urinal (see page 166) is a contri- 
vance wliicli is easily kept clean and there is hardly any smell 
in its neighbourhood. 


^COMBINED UNDERGROUND PUBLIC CONVENtENCES — 



— Sectiom — 


The improved patterns of urinal (see page 167) are an 
improvement over the above and may be used instead. They 
occupy less space (basin urinal) and some of them are made 
in one piece for convenience of fitting. 

The Crawford System latrines (see page 168) are com- 
paratively cheap and are to be recommended where water 
carriage system does not exist. Latrines on the water- 
carriage system (see page 169) are more sanitary than above 
and may be substituted where possible. 

Underground public conveniences (see above) are 
useful in the busiest thoroughfares of the city. They are 
rather expensive. 

Trough pattern latrines are used in large establishments 
such as factories, schools, barracks and hospitals on account 
of ease and economy. Bach latrine consists of a glazed stone- 
ware trough, at the lower end of which is a weir for holding 
a sufficient amount of water to cover its bottom for its whole 
length. The trough shows a slight fall towards the ‘drain 
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and is connected with it hj a siphon trap. Each seat over 
the trougli is iji a separate comjiartment. The latrine is 
flashed by means of an automatic flushing tanli which should 
hold sufficiejit water to flush the trough completely. 


— Trough Pattern Latrines - 



Sanitary Fittings. 


The principles underlying all regulations for sanitary 
fittings are the prevention of foul air or liquid escaping from 
the house drain or sewer into dwellings or open spaces close 
to dwellings, and the through ventilation of soil pipes, drains 
and sewers. For this purpose strict regulations have been 
drawn up. 

The bye-laws in force in the London County Council and 
in the Bombay Municipality are given below. 

It must be understood that the condition of the two cities 
varies greatly. In India the building and. drainage regula- 
tions are not .so complete as in England, though they are 
gradually becoming so in Bombay and Calcutta. At the 
same time conditions exist, due to climate and the habits and 
customs of the people and the water supply, which, have to 
be competed against and a knowledge of these is necessary 
for the proper understanding of the regulations in force. 

The rules as to how the water-closet should be fixed 
should not vary. 

The fittings of a completely fitted water-closet should 
be the same everywhere and the sketch given is of the most 
modern type, and the instructions as to connection the most 
up-to-date. 
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London County Gouncit, Requieements. 

\ Extracts from By-Ums made by the London County Council under the 
Public Health {London) Act, 1891,] 

iVnieV'Closets . — Every person who shall hereafter construct a water- 
closet shall construct it in such a position that one of its sides at the least 
shall be an external wall which external wall shall abut immediately upon 
the street, or upon a yard, or garden, or open space of not less than 100 
square feet of superficial area, measured horizontally at a point below 
the level of the floor of such closet. He shall not construct any such 
water-closet so that it is approached directly from any room used for the 
purpose of human habitation, or used for the manufacture, preparation, or 
storage of food for man, or used as a factory^, workshop or work-place. 

He shall construct such water-closet so that on any side on which it 
would abut on a room intended for human habitation, or used for the manu- 
facture, preparation, or storage or food for man, or used as a factory, work- 
shop or work-place, it shall be enclosed by a solid wall or partition of brick 
or other materials extending the entire height from the floor to the ceiling. 

He shall provide any such water-closet that is approached from the 
external air with a floor of hard, smooth, impervious material, sloping 
to the door half-inch to the foot. 

He shall provide such a ater- closet irith proper doors and fastenings. 

Every person who shall construct a water-closet in connection with a 
building, whether the situation of such water-closet be or be not within or 
partly within such building, shall construct in one of the -walls of such 
water-closet which shall abut upon the public way, yard, garden, or open 
space, as provided by the preceding by-law, a window, of such dimensions 
that an area of not less than two square feet, which may be the whole or 
part of such window, shall open directly into the external air. 

He shall, in addition to such windo-vv, cause such water-closet to be 
provided with adequate means of constant ventilation by at least one air 
brick built in an external wall of such water-closet or by an air shaft or 
by some other effectual method or appliance. 

Every person, who shall contract a water-closet in connection with a 
building shall furnish such water-closet with a cistern, of adequate capacity 
for the purpose of flushing, which shall be separate and distinct from any 
cistern iised for drinking purposes and shall be so constructed, fitted and 
placed as to admit of the supply of water for use in such water-closet, so 
that there shall not be any direct communication between any service 
pipe upon the premises and any part of the apparatus of such water-closet 
other than such flushing cistern. 

Provided always that the foregoing requirements shall be deemed to be 
complied -with in any case where the apparatus of a water-closet is con- 
nected for the purpose of flushing with a cistern of adequate capacity which 
is used solely for flushing water-closets or urinals. 

He shall construct or fix the pipe and union connecting such flushing 
cistern with the pan, basin or other receptacle with which such water- 
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closet may be provided, so that sach pipe and union shall iiot in any part 
have an internal diameter of less than one inch and a quarter. 

He shall furnish sucli water-closet with a suitable apparatus for the 
effectual application of water to the pan, basin or other receptacle with 
which such apparatus may he couneeled and used, and for the effectual 
hushing and cleaning of such pan, basin or other receptacle, and for the 
prompt and effectual removal therefrom and from the trap connected 
therewith of any solid or liquid filth which may from time to time be 
detiosited therein. 

He shall furnish such water-closet with a pan, basin or other suitable 
receptacle of non-absorbent material and of such shape, of such caitacity, 
and of such mode of construction as to receive and contain a sufficient quan- 
tity of water and to allow all filth, which may from time to time be deposited 
in such pan, basin or receptacle, to fall free of the sides thereof and directly 
into the water received and contained in such pan, basin or receptacle. 

He shall not construct or fix under such pan, basin or receptacle any 
“ container” or other similar fitting. 

Ho shall constiuct or fix immediately beneath or in connection with such 
pan, basin or other suitable receptacle an efficient siphon trap, so cons- 
tructed that it shall at all times maintain a sufficient water sea] between 
such pan, basin or other suitable receptacle and any drain or soil pipe in 
connection therewith. He shall not construct or fix in or in connection 
with the water-closet apparatus any D trap or other similar trap. 

Any person who shall provide a soil pipe in connection with a new 
■ building for the purpose of conveying to a sewer any solid or liquid exore- 
mental lilth, or shall for that purpose construct a soil pipe in connection 
with an existing building shall, whenever practicable, cause such soil pipe 
to be situated outside such building, and shall construct such soil pipe in 
drawn lead or of heavy cast iron. Provided that in any case where it shall 
be necessary to construct such soil pipe within such building, he shall 
construct such soil pipe in drawn lead with proper wiped plumbers’ joints, 
and so as to be easily accessible. 

He shall construct such soil pipe, whether inside or outside the building 
so that its weight, if the pipe be of lead, and its thickness and weight if the 
pipe be of iron, in proportion to its length and internal diameter shall be — ■ 



Lead. 

Iron. 


Weight per 

Thickness of 

Weight imr 6 ft. 
length (including 
socket and headed 

Diameter. 

10/if. length 
not less than 

medal not 
less than 

Spigot or flanges, the 
socket not to be less 
than \in. thick) not 
le/ss than 

1 1 

2 i 

' 3 i 

4 

Scinches ..| 

65 lbs. 

: 3/16 inch 

1 48 lbs. 

4 » 


1 3/16 „ 

1 54 „ 

5 „ ..I 

92 „ 

i „ 

69 „ 

6 „ ..! 

no „ 

1 

i 84 „ 
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If lie sliall construct such soil pipe of cast iron with socket joints, he 
shall cause such joints to he not less than inches in depth and to be made 
with molten lead properly caulked, and he shall also cause the. annular 
space for the lead in the case of 3.t inch and 4 inch pipes to he not less than 




f inch in width, and in the case of 5 inch and 6 inch pipes to be not less than 
I inch in width. If he .shall construct such soil pipe with flange jointsj 
he shall cause such joints to be securely bolted together with some suitable 
insertion. 

He shall construct such soil pipe whether inside or outside the building 
so that it shall not he connected with any rain-water pipe or with the waste 
of any bath, or of any sink other than that which is provided for the 
reception of urine or other excremental filth, and he shall construct such 
soil pipe so that there shall not be any trap in such soil pipe or between 
the soil pipe and any drain with which it is connected. 

He shall cause such soil pipe, whether inside or outside the building, 
to be circular and to have an internal diameter of not less than 3^ inches 
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and to lie continued upwards without diminution of its diameter, and 
(except where unavoidable) without any bend or angle being formed in 
such soil pi{)L‘ to such a height and in such a position as to afford, by means 
of the open end of such soil pipe, a safe outlet for foul air. 

Any porsan who shall connect a lead soil pipe, w'aste pipe, ventilating 
pipe or trap with an iron pipe drain eommunicaf ing -with the sewer 
shall insert between such lead soil pipe, waste pipe, ventilating pipe or 
trap, and such iron pipe or drain, a flanged thimble of copper, brass, or 
fvther suitable alloy, and shall connect such lead soil pipe, waste pipe, 
ventilating pipe, or trap with such thimble by means of a wiped or 
overcast metallic joint, and shall connect such thimble with such iron 
j)ipo or drain hy means of a joint made with molten lead properly 
caulked ; jirovided always that it shall be sufficient if he shall connect 
the lead soil pipe, waste pi])c, ventilating pipe, or trap with the iron 
pi].ie or drain in an equally .suitable and efficient manner. 

Any person who shall connect a stoneware or semi-vitrified ware trap 
or pipe with a lead soil pipe, waste pipe or trap communicating with a 
sewer, shall insert between such stoneware or semi -vitrified ware trap 
(«r pipe and sucli lead soil pipe, ivaste pipe or trap, a socket of copper, 
brass, or other suitable alloy, and shall insert such stoneware or semi- 
vitrified ware trap or pipe into such socket, making the joint with Portland 
cement, and shall coimect such socket with the lead soil pipe, waste pipe, 
or trap hy means of a wiped or overcast metallic joint ; provided always 
that it shall be sufficient if he shall connect the stoneware or semi- vitrified 
w'are trap or pipe with the lead soil pipe, w'aste pipe, or trap, in an equally 
suitable and efficient manner. 

Any person who shall connect a lead soil pipe, waste pipe, ventilating 
j>ipe, or trap with a stoneware or semi-vitrified ware pipe or drain com- 
municating with a sewer shall insert between such lead soil pipe, waste 
pipe or ventilating pipe or trap and such stoneware or semi-vitrified ware 
pipe or drain, a flanged thimlde of copper, brass, or other suitable alloy 
and shall connect such lead soil pipe, waste pipe, ventilating pipe, or trap 
with such thimble by means of a wiped or overcast metallic joint, and 
sliall insert the flanged end of such thimble into a socket of such stoneware 
or semi-vitrified ware pipe or drain making the joint with Portland cement ; 
provided always that it shall he sufficient if he shall connect the lead soil 
pipe, waste pipe, ventilating pipe or trap with the stoneware or semi- 
vitrified ware pipe or drain in an equally suitable and efficient manner- 

Any person who shall connect an iron soil pipe, ventilating pipe or trap 
with a stoneware or semi-vitrified ware pipe or drain communicating with 
a sewer shall insert the beaded spigot end of such iron soil pipe, waste 
pipe, ventilating pipe, or trap into a socket of such stoneware or semi- 
vitrified ware pipe or drain making the joint with Portland cement ; pro- 
vided always that it shall be sufficient if he shall connect the iron soil pipe, 
waste pipe, ventilating pipe, or trap with the stoneware or semi- vitrified 
ware pipe or drain in an equally suitable and efficient manner. 
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Any person who shall connect a stoneware or semi-vitrified ware trap 
or pipe, with an iron soil ])ipe, waste pipe, trap or drain communic’ating 
with a sewer shall insert such stoneware or semi-vitrified ware trap or 
pi^je into a socket of such iron soil pipe, waste pipe, traj) or drain making 
the joint with Portland cement ; provided always that it shall he suflieient 
if ho shall connect the stoneware or semi- vitrified ware trap or pipe with 
the iron soil pipe, Avaste j)ipe or drain in an equally suitable and efficient 
manner. 

Any person who shall construct any water-closet, the soil pipe of which 
shall communicate with any sewer and shall be in connection with an}' 
other w'ater-closet, shall cause the trap of every such water-closet to be 
ventilated into the open air at a point as high as the top of the soil pipe 
or into the soil pipe at a point above the highest w'ater-closet connected 
with such soil pipe and so that the ventilating pipe shall have in all parts 
an internal diameter of not less than 2 inches and shall be connected vvit.h 
the arm of the soil piim or trap at a point not less than 3 and not more 
than 12 inches from the highest part of the trap and on that side of the 
wafer seal which is nearest to the soil pipe. He shall cause the joint 
between the ventilating pipe and the arm of the soil pipe or the trap to 
be made in the direction of the flow. 

He shall construct such ventilating pipe in drawn lead or heavy cast 
iron. Provided that in any case where it shall he necessary to construct 
such ventilating pipe within a building he shall construct such ventilating 
pipe in drawn lead. 

He shall construct such ventilating pipe, whether inside or outside a 
building so that if the pipe be of lead its weight shall not be less than 45 lbs. 
per 12 feet length and if the pipe be of iron, its thickness shall not be 
less than 3/l(5th inch and its weight not less than 25 lbs. per 6 ft. length. 

He shall in all cases cause the joints in and the connections to such 
ventilating pipe to be made in the same manner as if such ventilating pipe 
wore a soil pipe. 

A person who shall erect a new building and shall construct in connec- 
tion with such building a slop-sink or urinal constructed or adapted to be 
used for receiving any solid or liquid excremental filth for conveyance to any 
sewer, shall construct or fix immediately beneath such slop-sink or urinal 
an efficient syphon trap, so constructed as to be capable of maintaining 
a sufficient water seal between such slop-sink or urinal and any drain, soil 
pipe or waste i)ipe in connection therewith. He shall not construct or fix 
in or in connection with such slop-sink or nrinal any trap of the kind 
known as a bell-trap, a dip-trap or a D-trap. 

He shall, as regards the ventilation of the trap of such slop-sink or urinal 
and the construction of the waste pipe of such slop-sink. or urinal, comply 
with all the requirements of the preceding by-laws which are applicable 
12 
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to the ventilation of the trap of a water-closet and the construction of a 
soil pipe, always provided that the internal diameter of the waste pipe of 
any such slop-sink or urinal shall not be less than 3 inches and where 
the internal diameter of such waste pipe is 3 inches, the weight of such 
pipe for every 10 feet of length, shall, if such waste pipe be constructed 
of lead, be not less than 60 lbs. and if such waste pipe be constructed of 
cast iron, the weight of such pipe of every 0 feet of length shall be not less 
than 40 lbs. 



The owner of any building shall, as respects such budding, at all times 
maintain in a proper state of repairs all pipes, drains, and other means 
of communicating with sewers and the traps and apparatus connected 
therewith, 

A person who shall newly fit or fix any apparatus in connection with 
any existing water-closet shall, as regards such apparatus and its connection 
with any soil pipe or drain, comply with such of the requirements of the 
foregoing by-laws as would be applicable to the apparatus so fitted or 
fixed if the water-closet were being newly constructed. 
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There are special by-laws also in reference to outside closets, basement 
closets, earth closets, privies and cesspools. 

Every person who shall intend to construct any water-closet, earth 
closet, or privy, or to fit or fix in or in connection with any water-closet 
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earth oloaet or privy, any apparatus or any trap or soil pipe, shall, before 
executing any such works, give notice in writing to the clerk of the 
Sanitary Authority. 

The occupier of any premises shall cau.se every water-closet belonging 
to such premises to be thoroughly cleansed from time to time as often as 
may be neces-sary for the purpose of keeping such water-closet in a cleanly 
condition. 

Provided that where two or more lodgers in a lodging-house are entitled 
to the use in common of any water-closet, the landlord shall cause such 
water-closet to be cleansed as aforesaid : one closet to every twelve persons. 

The owner of any premises shall maintain in proper condition of repair 
every water-closet and the proper accessories thereof belonging to such 
premises. 

Penalties, 

Every person who shall offend against any of the foregoing by-laws 
shall be liable for every such offence to a penalty of Two pounds, and in 
the case of a continuing offence to a farther penalty of Forty shillings for 
each day after written notice of the offence. 

By-laws of the Bombay MxTNioirALiTY, 

Construction of Water-closets and Privies. 

[Clause (a), Section 461], 

1. Water-closet. — Every person who shall construct a water-closet for 
use in connection with a dwelling-house shall comply with the following 
regulations : — 

(o) He shall cause such water-closet to be separated from any room 
intended to be used for human habitation, by a dead wall 
which shall he lined internally to a height of six feet with a 
smooth, impervious, non-absorbent coating of neat Portland 
cement not less than half an inch in thickness, or of glass, 
glazed tiles or polished marble. 

(6) He shall make, in one at least of the walls of such water-closet 
a window of not less than 3 square feet superficial area 
opening upon an external open space. 

(c) He shall cause the entrance to such w'ater-closet to be through 

a lobby or bath-room having at least one window, or through 
a gallery which is entirely open to the outer air on one side, 

(d) He shall not construct any portion of such water-closet so as to 

be within a distance of 3 feet from the boundary of the 
owner’s premises, provided that this rule shall not operate 
to prevent a water-closet being constructed to abut on a 
street or service passage or open space intended to he per- 
manently reserved as such, 

2, Privies. — Every person who shall construct a privy shall comply 
with the following regulations : — 

(a) He shall provide on each side of such privy, except the entrance 
side, an open space at least 3 feet in width within the limits 
of the owmer’s premises and open to the sky. 
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(b) He shall cause any entrance, gallery or communicating bridge 
to be at least 3 feet in width and open to the external air on 
both its sides and to be shut off from any portion of any 
dwelling-house by a closely fitting door. 


-TYPE OF HOUSE -COMNECTION5 WITH AN OPEN DRAIN- 



window of not less than 3 square feet superficial area, 
opening upon an external open space. 

(d) He shall cause the walls of such privy to be lined iviemaUy 
with a smooth, impervious, non-absorbent coating of neat 
Portland cement not less than half an inch in thickness or of 
glass, glazed tiles or polished marble to a height of not less 
than five feet above the floor of such privy. 
Wateb-olosbts. 

In the case of water-closets, native pattern soil pans of design ap- 
proved by the Drainage Engineer may be provided and shall be properly 
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laid and bedded in cement concrete at the required level and connected by 
meana o£ porcelain traps and 4" stoneware pipe and bends with an inspec- 
tion chamber or soil pipe as the case may be. European pattern soil pans 
of design approved (jy the Drainage Engineer may he provided and shall be 
fixed in position with a teakwood moveable or hinged seat. (See sketch.) 

The junction between a closet and branch, if the latter is of lead, 
shall be effectively made by a brass ferrule, soldered with a wiped joint to 
the lead pipe, and the joint between the porcelain trap and the brass ferrule 
made in cement, boiled oil and spun yarn or soldered to porcelain. (See 
sketch.) Lead soil pipes when used shall be 4" in diameter and 3/16" 
in thickness and shall weigh not less than 6 lbs. per square foot. 

All soil pipes shall be 4" in diameter and of cast-iron not loss than 
3/16" in thickness. The connection between the soil pipe and the water- 
closet trap shall be by means of a pipe fitted with a screw cap external to 
the w’all for cleaning purposes. (See sketch.) The soil pipes shall be net 
les.s than 44 lbs. per 6" length. 

Every soil pipe shall discharge into the 6' stoneware pipe drain by 
means of a 4* stoneware bend into a chamber fitted with a cast-iron cover, 
(See sketch.) 

In every case where there is a tier of water-closets one above another, 
a 2^" anti-siphon pipe shall be taken from each water trap except that 
of the highest water-closet .and earned up above the roof and to such 
height as is prescribed in Eule 11. (See sketch.) 

A three-gallons automatic or pull off flushing cistern of a pattern 
approved by the Drainage Engineer shall be securely fixed to the wall at 
least 5 feet above the seat and shall be connected by means of a 1|" lead 
pipe to the closet (See sketch), the flush pipes being connected to flushing 
cisterns by means of brass unions and plumber’s wiped joints, and to 
W.C. pans with red lead, boiled oil and cement provided that the Drainage 
Engineer may permit the galvanized iron pipes in place of lead pipes where 
he thinks proper. 

All such flushing cisterns shall be supplied by means of an efficient 
water sxipply from a reservoir tank placed in a suitable position and height. 
The capacity of this reservoir tank shall not be less than 90 gallons for each 
seat. 

Eules fob House and Stable Dbainaoe. 

Open Deain. 

1. In no instance shall a drain interior to a building for the 
conveyance of the house-sullage to the street-sewer he an open drain. 

2. Open drains shall be constructed according to the plans in the 
office of the Deputy Executive Engineer, Drainage Department. The 
Drainage Engineer shall have the option of allowing the open drain to be 
in the centre of a house-gully and without side walls. The bottom part or 
invert shall be lined with a 4" half round stone- ware channel, the remaining 
part of the drain being plastered with at least a I" coating of cement and 
sand (1 to 1) trowelled to a smooth surface or with any other impervious 
material. 
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3. At the end of the open drain a silt chamber 2' long by 7" >dde, and 
12" deeper than bed of the drain shall be constructed with a vertical cast 
iron grating l'-6" from the open drain the full size of the silt chamber. 
This shall discharge into a gully trap connected to an inspection chamber 
(See sketch.) 

4. The inspection chamber shall be not less than 3' long by 18" wide 
constructed of brick work laid on cement concrete and be internally 
plastered with a 1" coat of cement and sand (1 to 1). In the chamber a 
stoneware channel with a half round S.W. invert shall be formed of the 
width and full depth of the pipe drain. The walls shall be brought up to 
the surface of the ground and covered with a cast iron air-tight cover and 
frame. 

5. The cover of an inspection chamber shall be of east iron air-tight 
and fitted with a lip into a grooved frame. The cover and frame of an 
inspection chamber subject to wheel traffic shall be of cast-iron of heavy 
pattern. At the connection between the 6" pipe drain laid in the street 
by and at the expense of the Municipality and the drain constructed by 
the owner, an inspection chamber shall be provided fitted with a 6" stone- 
ware intercepting sewer trap of approved pattern having a water seal 
not less than 2" and a 3" ventilating shaft in accordance with Rule 11. 
In all other respects the inspection chamber shall be constructed in 
accordance with Rule 4. 

6. All down-take pipes shall be of cast iron, S" in diameter and not 
less than thick. 

7. The connection between every nahani and the down-take pipe 
shall be by means of a 3 " stoneware or 3" oast iron pipe, discharging into a 
cistern head. Nahani traps may be used, but, if directly connected to the 
waste water pipes, the latter shall be extended above the roof in accordance 
with Rule 11. 

8. In the case of nahanis abutting on a street or road, the waste 
water pipes shall discharge into a stoneware gully-trap by means of a 
stoneware or cast iron bend. The gully-trap shall discharge into an 
inspection chamber fitted with a sew^er trap as per Rule 5, to a private 
pipe drain. The waste water pipes or nahani connections shall be cons- 
tructed in accordance with Rule 23 for pipe drains. 

9. In the event of the plinth of a house being much higher than the 
bed of the open drain, nahanis on the ground floor shall discharge into the 
open drain by means of a 3" discharge pipe brought down to such a level 
as to avoid a splash. 

10. No water-closet or any arrangement by which night-soil is to be 
removed on the water carriage system shall, except with the written 
permission of the Municipal Commissioner, be allowed to be connected 
with an open drain. 

11. Every vent pipe, anti-siphon pipe and waste water pipe shall, if 
not provided with cistern heads and discharging into an open drain, be 
protected at the top by a wire dome and shall be (a) carried at least 15' 
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higher than any sky-light or window situated within a distance of 40' 
therefrom ; (ft) carried at least o' higher than the eave of the roof if affixed 
to a wall supporting the eave ; (r) erected or affixed so as to create the least 
practicable nuisance or inconvenience to the inhabitants of the neighbour- 
hood. 


TYPE OF HOUSE CONNECTIONS WITH A 6' PIPE DRAIN 



12. The surface of all house-gullies not occupied by, or beyond what 
is occupied by, an open drain shall he paved with fine dressed blue-stone or 
Indian patent stone or other stone approved by the Commissioner. At 
the lower end of the gully, whether the open firain for sullage or sewage 
be in the centre or at the side, a jump-weir shall be formed as per full size 
plan to be seen in the offices of the Drainage Department, so that, while 
any ordinary flou' of sewage will discharge into the connection with the 
inspection chamber, a rush of storm-water will jump over the opening and 
pass into the storm-v'ater drain. (See sketch p. 181.) 

Geiural Rule .. — All gully traps, when directed by the Drainage Engineer 
shall be covered with a hinged iron cover and frame of approved design. 
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Pipe Drain. 

13. In all cases where house-owners iiesire to drain their premises by 
a pipe drain instead of an open drain, the drain .shall be a 6" stoneware 
pipe drain jointed in cement and laid at a gradient of 1 in 50 where 
practicable. When necessary, a flatter gradient may be allowed by 
the Drainage Engineer. 

14. No drain shall be so constructed as to pass beneath any part of a 
building, except with the written permission of the Drainage Engineer 
and in conformity with such conditions as he may provide. In such case 
a heavy cast iron pipe drain (the joints to be run with molten lead and 
soundly caulked) should, in accordance mth Section 240 of the Municipal 
Act, be laid under the building. Pipe drains may be of 4 inches diameter, 
only when allowed by the Drainage Engineer, 6" C. I. drain pipe shall 
weigh 174 lbs. and 4" C.I. drain pipe.s 90 lbs. per 6 ft. length. 

15. At the connection between the 6" pipe drain laid in the street by 
and at the expense of the Municipality and the pipe laid by the owner, an 
inspection chamber shall be constructed fitted with a G" stoneware 
intercepting sewer trap having a water seal of not less than 2" and with 
a 3" vent ])ipe with the ojien end of the pipe placed above the roof so as to 
comply with (Sections 24.3 and 244 of the Municipal Act. 

16. The cover of all inspection chambers shall be of cast iron, air- 
tight and fitted with a lip into a grooved frame. The cover and frame of 
an inspection chamber subject to wheel traffic shall be of cast iron of heavy 
pattern. In all other respects the inspection chamber shall be constructed 
in accordance with Rule 4. 

1 7. Inspection chambers shall be so placed on any pipe drain that no 
portion thereof more than 75' long shall be without an inspection chamber. 
An inspection chamber at the point of eveiy change of direction in any 
drain shall be deemed indispensable. 

18. Every 6" gully-trap shall be connected with a 6" pipe drain by 
means of 4" stoneware branch pipe. 

19. The head of every pipe drain shall be provided with a 3" cast iron 
or galvanized iron vent pipe. 

20. A nahanl trap, approved by the Commissioner, shall be provided 
in every nahani except those specially provided for in Rule 23. 
(See sketch.) 

21. All down-take pipes shall be of cast iron 3" in diameter and shall 
weigh not less than 34 lbs. per 6' length. 

22. Every dowm-take pipe shall be carried up above the roof as a 
vent-pipe and be protected at the top by a wire dome as far as practicable, 
in accordance with the distances specified in Rule 11 as amended. 
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23. Every nahani on the ground floor shall discharge into a stone- 
ware gully trap by means of a 3" stoneware pipe and every down-take or 
waste water pipe shall be disconnected from the gully trap by means of a 
disconnection chan n el discharging into the gully-trap. (See sketch.) 

23A. All lavatory basins, baths, etc., shall be trapped as near to 
the fittings as possible, the bath traps being not less than IV' in diameter 
and the lavatory basin traps being not less than 1^-" in diameter. 

24, In the event of there being an open ckoivk in the house, 
the nahanis shall be constructed adjacent to the external wall of the 
chowk to allow of the down-take pipes being fixed to and carried up 
against external walls. 



G-eneeal Eules foe the laying of Deains, erection of all Cast-ieon 
Pipes and theie fittings and for testing the same. 

25, The pipes must be of well-burnt glazed stoneware, uniform 
in thickness. 

26. No pipe drain shall be less than 6" in internal diameter, unless 
otherwise allowed by the Drainage Engineer, and must be laid at a gradient 
of 1 in 50 wherever practicable, unless otherwise allowed by the Drainage 
Engineer. Branch drains may be 4" in diameter. 




DfM£NSfONEO SKETCHES OF THE PiPES ’FITTINGS 
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27. The stoneware pipes shall be all laid and fitted dry previous to 
tile jointing being commenced, such x*ipes being neatly cut as may need 
to be shortened in order to bring in the junctions in the exact position 
required. All the piipes shall be laid irerfectly true both in line and 
gradient and they shall be laid on a 0" concrete bed in the case of ‘ made 
ground,’ or when in the opinion of the Tirainage Engineer this course is 
necessary. 


28. All the pipe joints shall be caulked witli cemented or tarred gaskec 
in Qire length for each joint and suffieicntly long to entirely surround the 
sjiigot end of the i)ii)e, the gasket to be driven as far as possible into the 
joint by means of a suitable instrument. After the pipes are thoroughly 
cleaned and moistened, neat Portland cement is to be forced into the joint 
until the whole space around the spigot, between it and tlie socket, 
is quite full, and a splayed fillet of neat cement is to be laid all 
round the joint, 

2y. Before filling in the trench, tlie joint of the pipe drains must be 
proved water-tight by filling the pipes with ivater to the level of G" above 
the top of the highest pipe in the stretch and heading the water up for the 
period of one hour or such further time as directed. 

30. No stretch of pipe line shall under any circumstances be covered 
up until inspected and passed by the Superintending Plumber or the 
Diainago Inspector of the District as the case may be. 

31. The inspection chambers on the pipe drains shall be constructed 
of brick work laid on cement concrete and be internally plastered with a 
1" coat of cement and sand (1 to 1). In the chamber a stoneware channel 
with a half round invert shall be formed of the width and Ml depth of the 
pipe drain. The walls shall be brought up to the surface of the ground and 
covered with a cast-iron air-tight cover and frame. The cover of an 
inspection chamber shall be of cast-iron air-tight and fitted with a lip into 
a grooved frame. The cover and frame of an inspection chamber subject 
to wheel traffic shall be of cast-iron of heavy pattern. 

32. No joints shall be made in the walls without the sanction of 
the Drainage Engineer. 

vSoiL, Waste and Vent Pipes. 

33. The socket joints between metal and metal when above, 
ground shall he made completely air-tight with a mixture composed 
of Portland cement, boiled oil and chopped hemp and by a ring of 
hemp gasket. 

34. The joints of pipes and shafts above ground after they are 
thoroughly set must be proved air-tight by smoke jiroduced and applied as 
directed. 
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35. All the eaat-iron appliances and fittings must be of approved 
pattern and coated by dipping in Dr. Angus Smith’s solution before being 
used in the work, 

36. In ease of new buildings the drainage must be in accordance with 
the plan which has previously been approved by the Municipal 
Commissioner. 



Horse-Stables — Public or Private. 

37. The floor of every horse stable should be paved over the whole 
area with suitably dressed blue stone or other suitable material laid on a 
6" bed of good lime concrete. The paving shall be sloped at an inclination 
of at least. 1 in 48 towards the channel hereinafter described. 

38. Meeting the munm or paving and at right angles to the stalls 
shall be constructed a half round channel 12" wide of suitably dressed blue 
stone or other suitable material. 

39. The channel shall have a longitudinal slope of at least 1 in 100 to 
one point, or more as may be selected, and at each of such points a 6" by 
C" stoneware gully trap fitted with horizontal and vertical cast-iron 
gratings shall be fixed. (See sketch.) 

40. All the gully traps shall be connected by a 6" stoneware pipe 
drain or drains with an inspection chamber constructed on a line of 6" 
stoneware pipe drain connected with the street sewer. (See sketch.) 
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41. The construction of an inspection chamber, the laying of the 
pipe drain and connecting with the street sewer shall be in accordance with 
the rules laid down for pipe drains. 

Cattle Stables, 

42. The floor of every cattle stables shall be paved over the whole 
area with suitably dressed bluestone or other suitable material laid on a 
6" bed of good lime concrete. The paving shall be sloped at an inclination 
of at least 1 in 48 towards the channel hereinafter described. 

43. Behind every range of stalls a half round channel 12" wide shall 
be formed with a slope of at least 1 in 48 in every part down to a gully 
trap hereinafter described. (See sketch.) 

44. The channel shall discharge into a catchpit through a glazed 
S. gully trap. The catchpit shall be 3' by 4' by 5' deep. It shall be 
covered with a strong cast-iron cover fitted into a rebated frame. The 
catchpit shall be placed immediately at the point of discharge, or lowest 
point of the channel, and connected with the inpe drain within the premises 
by means of an inspection chamber built complete with a 6" intercepting 
sewer trap. (See sketch.) 

45. A horizontal and a vertical iron grating with bars not more than 
apart shall be fixed in the catchpit. (See sketch.) 

46. The laying of the pipe drain, the construction of the inspection 
chamber and the connection with the street sewer shall be subject to the 
rules for pipe drains. 

Cesspools. 

Drainage of premises not loithin 100 feet of a Municipal drain or some place 
legally set apart for the discharge of drainage. 

47. As far as practicable, buildings of this description shall be drained 
by open drains in accordance with the rules laid down for such drains. 

48. If practicable, the sullage from all nahanis shall be discharged 
among vegetation or used for gardening purposes, but if this is impossible, 
then the sullage shall discharge into a cesspool having a capacity of at 
least 50 c. ft. 

49. The capacity of a cesspool shall be calculated below the bottom 
of the inlet drain. 

50. The house-drain, if open, shall be connected with and shall dis- 
charge by means of a 6" by 6" stoneware gully trap into the cesspool. All 
cesspools shall be closely covered and fitted with a cast-iron air-tight frame 
and cover. 

51. Every cesspool shall be ventilated by a cast-iron or galvanized 
iron pipe not less than 3" in diameter. 

52. The vent pipe shall be protected at the top by a wire dome and 
shall be (a) carried at least 15' higher than any sky-light or windows 
situated within a distance of 40' therefrom; (6) carried at least 5' higher 
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than the eave of the roof, if affixed to a wall supiJorting the eave ; and (c) 
erected or affixed ho as to create the least practicable nuisance or incon- 
venience to the inhabitants of the neighbourhood. 

53. There shall be a cesspool for the iwivies separate from that for the 
nahanis (if any) and it shall have a capacity of at least 3 c. ft. per every 
privy scat or slot, with a minimum of 25 c. ft. 

54. Every cesspool must be placed in a position convenient for the 
access of Municipal carts. 

55. Every ce.sspool shall be constructed of brickwork in cement laid 
on cement concrete and internally plastered with a 1" coat of cement and 
sand (1 to 1). The walls shall be brought up to G" above the surface of 
the ground, and the cover mentioned in Rule 3 shall be placed upto 
them. 


56. An arrangement must be made with the Municipal 
Superintending Plumber , , . ^ 

— Of IJralns — attend at tlie premises to see the execution of 

the drainage work and the making of any connection that may be neces- 
sary with the Jlunicipal drain. 

67. No connection must be made with a Municipal drain nor must the 

, , 4 . • .ti f X, Superintending Plumber 

same be exposed except in the presence of the — inspector 


58. Tlie whole of the work must be done under the supervision of 
Suiieriiitendiug Plumber 
the Municipal Inspector 

the hours of 7 and 8 A.M. at his office, in Mint Road, Fort ; Charni Road, 
Girgaon ; Bapty Road, Kamatipiira ; Babula Tank Road, and DeLisle 
Road. 


, Superintending Plumber 

69. The said Inspector ^ principles 

adopted by the Municipality are carried out, but no such close supervi- 
sion can be given by any Municipal Officer as to relieve the house owner 
and his plumber from tlie duty of taking due care in the execution of the 
work and providing good and sufficient materials and workmanship. 

[Note . — A person erecting, re-building or occupying any building 
before arrangements necessary for the effectual drainage of 
such buildings are carried out in accordance with Municipal 
requirements will render himself liable to a penalty of Rs. 500 
under Section 234 of the City of Bombay Municipal Act, 1888]. 

Testing of Drains and Soil-pipes. 


All new drains should be tested before being covered 
in and it may be necessary to test also old drains on a com- 
plaint of a nuisance. The following methods are usually 
tried. 



Testing of Drains and Soil-pipes. 


193 


Tlie smoke test is apiilied by means of either a smolfo 
rocket or a smoke machine. For the latter purpose, the 
Eclipse Smoke Generator or one or other of the smoke testing 
machines is employed. 

The Eclipse Smoke Generator is most widely used and 
consists of three parts, a double action bellows opening into 
a cylinder of copper, in which the substance from which the 
smoke is to be generated is placed, and an out-let tube which 
is passed into the drain. The cylinder is placed in a tanlc of 
copper and is provided with a cover of the same metal which 
completely envelopes the cylinder when inverted ovet it. 
When the machine is to be used, the cover is removed, the 
tank surrounding the cylinder is filled with water, and the 
substance from which the smoke is to be obtained — either 
oily waste or some form of touch paper especially prepared so 
that it shall smoulder and in smouldering give ofi smoke in 
large quantities — is set alight and laid in the cylinder. The 
cover is then replaced and, dipping into the water in the 
tank, forms an air-tight joint and prevents the escape of 
smoke. 

The out-let tube is then placed in the drain, an entrance 
having been found for it at some inspection eye in connection 
with a tr'ap, or elsewhere along the course of the drain. By 
pumping air from the .bellows into the cylinder, the oily waste 
etc., is set smouldering. The smoke generated is driven 
through the outlet pipe into the parts of the drainage system 
which are to be tested. 

When the pumping has filled the cylinder full of smoke 
the connection between the cylinder and pumping bellows 
may be shut ofi. As soon as smoke is seen to issue from the 
top of the soil pipe or other natural outlet, further escape 
from these is prevented by plugging them with clay or damp 
cloth and the pumping is resumed. When it is concluded 
that a sufficient quantity of smoke has been driven into 
the drains, etc., pumping is stopped. This time if there is 

13 
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no escape of smoke from the drains, etc., the cover of the 
cylinder will remain stationary and show no signs of sinking. 
If, however, there be any flaw in the system, the cover sinks, 
and a search must be made till the point where smoke is 
escaping is found. 

In the hydraulic test the drains are subjected to the 
pressure of a head of water, the system being examined in 
sections. The first section may extend from the first water- 
closet to the first inspection eye, which may or may not be the 
point where the drain is disconnected from the sewer. At 
this' point the drain is plugged by means of a rubber bag 
inflated with air or by means of a special apparatus like 
Addison’s Patent Drain Stopper. The system is then filled 
with water from the first water-closet and, when full, the level 
of the water in the basin of the water-closet is noted. At 
the end of one or two hours, the level of the water is again 
taken, and if it has not varied the system is sound. If the 
water has subsided, the point where leakage has occurred 
must be sought for. The remaining sections are tested in 
the same way, the plug being inserted just beyond the last 
section tested. 

For old drains this is a very severe test. Moreover, since 
the water pressure is greatest at the lowest point, the strain 
also will be greatest at this point. In applying this test 
to waste water pipes, the pipe will be plugged at the lower 
end and the water turned on at a sink tap till the pipe is full 
and a constant level of water obtained in the sink. The 
further procedure is as described above. Generally S2ieaking 
for every additional foot of water in the pipe being tested, 
there results a Jib. of pressure to the square inch. 

In the fummatic or the air-test, air is forced by means of 
an air pump into the drain or soil pipe to be tested after the 
outlets are securely plugged. The pressure is indicated by an 
attached gauge and if the pressure obtained is maintained for 
five minutes j it shows that the system is air-tight. This test 
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is a vory sfjva^re one even a small pin hole openmg will 
allow the escafio of air and thus show a fall in pressure. A 
draw back of this test is that site of osoape of the air and 
eonsequently the situation of the defect in the system cannot 
be detected, as the air is both colourless and odourless. This 
test therefore serves no practical purpose. 

The. Chemical test may be employed by pouring out 
a small ({uantity of a volatile oil like that of peppermint in 
a bucket of water and discharging its contents through a water- 
closet. The smell of peppermint oil along the system indicates 
the situation of the defect. Another method of performing 
the test is by using glass-capsules containing a com])osition 
of Phosphorus and Asafoetida. One or two such capsules 
ar(; broken in a piece of blotting paper and thrown into the 
water-closet followed immediately by a flu.shmg of the closet. 
As soon as the contents of the capsule come into contact 
with water, a slight explosion takes place and dense white 
fumes having the smell of Asafoetida are given off which are 
carried through the soil pipe and drain by the flush of water. 
The fumes escape through defects in the pipes, and the situa- 
tion can be easily detected by the smell of Asafoetida. 

In Kemp’s apparatus used for the same purpose, the 
capsules are floated in the water of the trap and as soon as 
a string is pulled a spring is released which breaks open the 
capsule, 

SEWER.S. 

The sewage is carried by means of sewers to the place of 
•‘'^disposal by gravitation or pumping. 

A sewerage system may be combined or separate. 

The “ combined system ” is that by which all rain and 
storm-water, as well as sewage, is carried away by one set of 
sewers. 

In the “ separate system,” there is provided a separate 
system of drains and sewers for rain water and sewage, the 
sewer only receiving that part of the rain which falls on open 
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S])iic*:‘s bet\vt‘(']i houses aucl open (h'aiiis Avliich overflow into 
tlic sen'er. 

hi India the “ conibinefl system ” cannot be generally 
adoptefl because of the heavy rainfall, which is confined to a 
few months in tlie year. 

The sewers would have to be made too large for the 
normal dry weather flow, and become defective and not 
self 'Cleansing in the dry weather season. 

As it is, sewers may become surcharged in times of 
contimious rain of 6 to 10 inches in 24 hours, as fre- 
quently occiu's in India. 

Desioninci and Consteuction op Sewees. 

The designing and construction of sewers is engineering 
worlcj but a hnowledge of how such work should be done is 
valuable to a sanitary student as, in supervising the designing 
and construction, great care must be exercised in making the 
sewers water-tight, not only to prevent the sewage leaking 
out, hut also to prevent the sub-soil water entering into the 
servers and thus increasing the amount of sewage to he dealt 
with at the outfall. In many places, the quantity of sub- 
soil water is enormous especially in light, sandy, soils where 
the sewers are laid with difficulty, owing to the height of the 
sub-soil water and the joints becoming defective due to 
subsidence of the sewer. The amount of rainfall admitted 
into sewers has to be considered. 

Before covering in a new pipe sewer, it should be carefully 
tested, so that leaky joints may be avoided. 

Ventilation op Sewees. 

There are many agents at work afiecting the ventilation 
of sewers ; — The rate of decomposition of the sewage, tem- 
perature, pressure, wind, volume of the sewage, gradient and 
discharge of steam into the sewers. 

The principle of ventilation is, by equalising the pressure 
inside and outside the sewer, to cause a free current of fresh 
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air to pass in and the foul air to pass out at tKc highest point, 
well above tlie windows of the highest houses. 

►Sewers may be ventilated by open grids at the street 
level, well away from dwellings, by vent shafts attached to 
liouses, or by building separate shafts at suitable points 
every 300 feet along the length of the sewer, every joint 
being made air-tight. 

Open grids on the ground level are objectionable, and 
should be avoided if possible. 

In tropical countries, the temperature of the air in the 
sewer is lower than the atmospheric air outside, w’hile in 
England the reverse is the case. In Bombay, the mean 
temperature of the sewer air is 76° Fah., while the temper- 
ature outside is 79-5° Fah. At Cawnpore the temperature 
of the sewer air is 83° (mean air temperature). 

The rate of decomposition of sewage varies with the 
pressure and temperature, and the gases of decomposition are 
therefore much more freely given off in tropical climates. 
The chief gases found in sewers, which are dangerous to 
life, are : — 

Carbon dioxide, CO^. ; marsh gas, CH 4 ; nitrogen, N. ; 
ammonia, NHs ; sulphuretted hydrogen, H 2 S. and 
carburetted hydrogen, Q»> Hi ; and great care should 
be exercised when examining sewers for cleansing 
purposes, to see that these gases are not present in any 
quantity. 

Various naethods have been adopted to purify the air of 
sewers : Charcoal trays, permanganate of potash (Reeves’ 
process), gas lamps in the ventilating shafts, or street lamps 
used as vent shafts, fans and ejectors. 

There is no hard and fast rule regarding the method of 
ventilating sewers ; much depends on the climate, the form 
and position of the sewer. 

Messrs. Shone & Ault claim that eflS.cient ventilation 
of drains and sewers, like the efficient ventilation of mines 
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can be secured only by abandoning the so-called natural 
system ami substituting therefor adequately controlled and 
regulated mechanical means. 

Delepine, reporting on the effects on health ©f the air of 
the High Street sewer (Manchester), states that — 

“1. Taking the High Street sewer as a type of a fairly 
well constructed sewer, carrying moderately dilute domestic 
sewage of average composition, I have come to the conclusion 
that the air of such a sewer is free from noxious properties. 

“ 2. This conclusion is not applicable to the air of sewers 
where, owing to the formation of deposits, or for some other 
reason, the air becomes loaded with an unnecessary amount 
of no.vious gases which are not normally present under other 
conditions. 

‘'3. It does not apply to sewers receiving certain 
kinds of trade effluents or waste products, poisonous in 
themselves, or liable to undergo changes or to produce 
compounds dangerous to health. 

“4. This conclusion does not refer to the air escaping 
from foul drains or pipes, which air may be quite different 
from sewer air, or may contain particles of dried material 
not to be found in sewer air. The air escaping from such 
drains may he quite different from sewer air, and requires 
special study before any definite opinion can be offered as to 
the amount and kind of disease that may be attributed to 
it,” 

At a later stage in his report, Professor Delepine says : 

“ The passage of sewage bacteria into sewer air does not 
in itself prove that sewer air is necessarily a source of material 
danger. The experiments made show that in the air of an 
efficient sewer carrying ordinary domestic sewage, the number 
of sewage bacteria is very small ; they also show that a 
number of human beings and animals exposed to a large 
amount of that air over considerable periods did not appear 
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to Ku€er from the expo.siiro. Also that the discharge of a 
considerable amount of this sewer air tlirough ventilating 
sliafts had not caused any special outbreak of disease in the 
houses surrounding the ventilators. 

“ The results so far obtained show that in all probability 
the bad effects, which have at various times been attributed 
to sewer air, should have been considered as due to changes 
in the sewage which need not take place, or to admixture 
of noxious products which may be prevented.” 

Cleaning- of Drains and Sewers. 

1. The cleaning out of all-storm-water drains and 
cliannels, catchpits, and drain entrances should commence 
on the 1st of May in each year. 

2. Diu'ing the monsoon season, the Inspector should 
give special instructions to his Ward staff, regarding the 
keeping clear of refuse all gratings and openings carrying off 
storm-water, in order to prevent flooding so far as is possible ; 
and during periods of heavy rainfall, special men should be 
told off to attend to such places as from their low-level are 
most liable to become obstructed. 

3. All covered drains and sewers should be opened 
periodically and examined with a view to ascertaining their 
state of cleanliness, and a memorandum of the result made in 
the drain-cleaning register. When a large drain or sewer is 
found to be in such a state as to require cleaning, a report 
should be made to the office. 

4. In cleaning covered sewers into which it is necessary 
to send men, the following procedure should be strictly 
followed : — 

(a) The manhole covers should be removed along the 
whole sewer at least two hours before any one is 
permitted to enter it. 

(?>) Ventilators should be inserted into the sewer at 
convenient points as soon as the manholes are 
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firmly upwards above tbe bead, and kept above tbe bead for 
2 seconds, and tben lowered to tbe sides against which they 
should be gently pressed ; tbe raising of tbe arms followed 
by tbe depression of them, in tbe manner described should 
be continued until breathing has been restored or until, in 
the opinion of a medical man, life has become extinct. 

Tbe object of these movements is to excite respiration. 
On tbe restoration of breathing, measures should be taken 
to restore tbe warmth of the body and promote circulation. 
Warm clothes should be ready, tbe body should be rubbed 
dry and wrapped in dry clothes. 

When the patient is able to swallow, warm water or any 
spirit may be given. 

10. On the report of an accident, medical aid should at 
once be called. 

11. When it is believed that an accident has occurred 
in a sewer, the first measure obviously is to remove all human 
beings out of the sewer ; the number of persons in the sewer 
should at once be ascertained ; the assembling of persons 
around the manholes or entrances to the sewer should be 
prevented. 

Methods of Removal op Sewage in Sewees. 

It must be thoroughly understood that the water-carriage 
system, however valuable it is for large cities in India with 
an adequate water supply and proper facilities for the dis- 
posal of sewage, cannot be adopted in other places where 
the water supply is deficient. 

The cities of Bombay, Calcutta and Madras are mostly 
sewered. Although in Bombay most of the excreta is dis- 
charged into the sewer, either by water-closets, or by pail 
depots, there are still a few areas undrained The water-closet 
system is not universal throughout these cities. There are 
no other towns in India, besides these three mentioned, 
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where the water supply is sufficient for a proper system 
of sewerage and water-closet system to the houses ; 
Cawnpore, and Delhi, Ahmedabad, Poona, Lucknow, Agra, 
and others are however progressing in this direction. 

Under these circumstances, before advocating a sewage 
system, it will be necessary to enquire about : — 

The population ; the amount of water available per day 
per head of the population ; the cost of the system and the 
'Connection of houses ; the class of people who will use the 
water-closet ; the geographical conformation of the area to 
be drained ; the place and manner of disposal of the sewage 
and the degree of purification required ; the rainfall. 

A sewer must be self-cleansing to be efficient ; self-cleans- 
ing means that the water supply per head of the population 
is sufficient to carry off the sewage and silt, at the rate of 
3 feet per second in hot climates ; in order that this result 
may be achieved, the fall or gTadient must be sufficient, or an 
artificial method of pumping must be adopted. 

In most of the large towns of India, some system of drain- 
age has been adopted for the urine and suilage water, while 
the night-soil is removed by hand or carts either to hopper 
depots or to trenching ground. 

Sewers are made of glazed earthenware or iron pipes upto 
18 inches and 2 feet, and in these sizes circular ; when of 
larger dimensions, they may be of brick or cement and of an 
ovoid shape. 

Inlaying a separate system, smaller sewers and man-holes 
may be laid with a great reduction of expense. A man-hole 
should be placed at every change of direction or where two 
sewers meet, and on straight lengths of sewers at every 100 
yards. 

The size of the sewers will depend on the amount of sewage 
and can be> ascertained by the population and the water 
supply per head. In rural districts the amount of water 
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supply may be taken to be 10 to 25 gallons per liead per' day, 
in large urban and manufacturing districts 20 to 40 or more. 
A town of 30,000 people, without any important factories 
and having a water supply of 20 gallons per head,,- will have 
to dispose of 600,000 gallons of sewage per day and in 
addition a certain amount of rain. In English cities pro- 
vision is made for 1 to 2 inches of rain per day, half of this 
passing off in six hours. 

In India, where the rainfall is sometimes from 6 to 10 
inches within 24 hours, a certain amount will find its way 
into the sewers, even if a separate system is provided for 
storm-water. 

The Ministry of Health, England, allows storm-water 
exceedmg six times the normal dry weather flow of sewage, 
to be passed into a water-course, which means that all sewage 
disposal works should be expected to treat up to six times 
the normal flow of sewage. 

The sewer then should be capable of conveying half the 
average daily flow in six hours, or in the case of a town of 

30.000 people, with a water supply of 20 gallons per' head, 

300.000 gallons in 6 hours =50,000 gallons per hour and 
834 gallons per minute. 

The sewers should be laid in straight lines, from man-hole 
to man-hole, and have even gradients sufficient to insure 
self-cleansing velocities. 

In English towns, when the sewers are running tluee- 
fourths full, the velocity may be as low as 2 feet per second 
in very large sewers (over 24"), in the main sewers (12"— 24") 
not less than 2'|- feet per second, and in all the contributing 
smaller sewers (6"— 9") not less than 3 feet. 

In India the sewage should be carried at a higher velocity, 
not less than 3 feet per second, in order to remove silt and 
convey the sewage away quickly. 

The minimum depth at which sewers should be laid will 
depend upon whether it is necessary to drain the cellars of 
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houses ; as a rule, 10 feet from the surface of the road to the 
invert of the sewer is sufficient. Iron pipes laid on concrete 
may be used when the sewers are near the surface. When 
the sewer is 15 feet deep, earthenware pipes should be 
encased in concrete. 

No sewer should be less than 1 foot in diameter. The 
size will depend on the amount of sewage and rainfall and 
gradient ; the internal sectional area can be thus calculated. 

In large sewers a less gradient is required than in small 
•sewers to induce the same velocity, but the volume of sewage 
will be the greater in the large sewer. 

A sewer 10 feet in diam.eter having a fall of 2 feet per mile, 
a sewer 5 feet in diameter having a fall of 4 feet per 
mile, a sewer 2 feet in diameter having a fall of 10 feet per 
mile and a sewer, 1 foot in diameter having a fall of 20 feet 
per mile will have all the same velocity, but the volume of 
the sewage with the 10 feet must be 100 times that with 
the 5 feet sewer, and 25 times that with the 2 feet sewer, 
and 4 times the volume of sewage in the 1 foot sewer. 

It frequently happens that in flat districts, it is impossible 
to so design a sewerage system that all the sewage can be 
conveyed to the point of outfall by gravitation. The only 
alternative is to pump or lift the sewage at suitably selected 
localities, and in cases where a number of such pumps or 
lifts are necessary or desirable, diflerent systems have 
been devised whereby the sewage is raised from the sewers 
and discharged into the other sewers laid at a higher level. 

Shone System. 

One of these is the welhkhown Shone system, in which 
compressed air is used as the power by which the sewage 
is lifted. At one or more places an ejector or, more usually, 
two ejectors are installed into which the sewage flows by 
gravitation. 
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An ejector consists of a spherically-ended container made 
either of cast or wrought-iron and placed in a brick-work 
chamber, or in a cast-iron tubing. 

On the ejector becoming filled with sewage, the contents 
are forced by means of compressed air to a higher level 
through a rising main. 

As soon as the ejector is empty, the compressed air 
escapes into the atmosphere through a high ventilating 
shaft and the ejector is ready for a fresh charge. The 
apparatus is automatic and requires only occasional inspec- 
tion to ensure its regular and continuous working. An 
impression sometimes arises that, in the Shone system, the 
compressed air is in some way utilized to obtain a greater 
velocity in the sewers but this is not so. 

The sewage gravitates to the ejectors at a velocity due 
to the gradients at which the sewers are laid and the ejector 
merely lifts the sewage to' a higher level. 

The efficiency of the system is low, but against that must 
be placed the fact that it is automatic in its action and 
that, unlike other pumping appliances, with the single 
exception of the Stereophagus pump, it will deal with 
unscreened sewage. 

In India the system has now been working for many 
years both in Bombay and Karachi, and it has been adopted 
in many towns in England. 

Experience has proved that in a tropical city such as 
Bombay, considerable difficulty is encountered during 
heavy rainfall in coping with the unavoidably increased 
flow of sewage in the sewers. Although separate storm- 
water drains exist, a large quantity of rain water reaches 
the sewer from open drains and paved spaces open to the 
sky. Ejectors cannot be installed of sufficient capacity to 
meet the heavy call that may thus be made upon them, with 
the result that they are overpowered during heavy storms 
and the sewers become surcharged. Unfortunately the 
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ejectors are incapable of much variation in speed, and it 
is not possible therefore to suddenly accelerate their rate of 
working as can be done with other types of pumping 
apparatus. On the whole, however, Shone’s ejector is a use- 
ful and ingenious apparatus for lifting sew^age but in districts 
subject to tropical rainfall, storm overflows from the sewers 
should be arranged for wherever practicable. 

The working of an ejector is very simple, as will be seen 
by a reference to the figure on the following page. The 
sewage enters by gravitation through the pipe A, passes the 
flap G and enters the container. The sewage rises until it 
reaches the underside of the bell I) ; the air within the bell is 
then enclosed and the sewage continuing to rise compresses the 
air until it can raise the bell D with the rod and cup B suffi- 
ciently to slide the valve E so as to admit air from the air 
main. As soon as the air is admitted, it is free to act on the 
surface of the sewage in the container. The pressure so 
applied closes the back-pressure valve G and forces the sewage 
past the flap valve F into the pipe C and thence into the sealed 
sewage main, the sewage being thus driven out of the ejector. 

The sewage in the cup B cannot, however, escape,- and its 
weight, when the sewage falls below the cup, is sufficient to 
lower the spindle with the bell, thereby re-sliding the valve 
E so as to close the mouth of the air-supply pipe, and open 
that of the exhaust pipe through which the compressed air 
in the ejector escapes into a shaft hereafter described. The 
outlet valve F then falls on to its seat owing to the w’^eight 
of the sewage in the sealed sewage main and retains the 
liquid in that main, and the ejector commences to fill again. 
This process is repeated automatically so long as there is 
any sewage to flow into the ejector. 

These ejectors are constructed by Messrs. Hughes and 
Lancaster. They are made of varying sizes, from 50-gallon 
capacity upwards. In Bombay there are several working 
from 100 to 1,200-gallon capacity each. 
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Tlie compressed air for working the ejectors is produced 
in a central station, located in a position to suit all the ejec- 
tors, and is conveyed to them in cast-iron pipes laid in the 
streets at a depth of about three feet, where they are free 
from all danger of breakage from traffic and steam rollers. 

The advantages of the ejectors as given by the Paten- 
tees may be summed up as follows 


Automatic \Alve 



Delivery Valve Inlet Valve 

Shone Ejector 


(1) The working parts are reduced to a minimum and 

such as are requisite are not likely to get out of 

order. I 

(2) The parts with which sewage comes in contact 

contain no machine-tooled surfaces, which are ^ 

unavoidable in pumps and get rapidly destroyed 
by the action of sewage, sludge and grit from the 
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road detritus, etc. In tlie ejectors there is nothing 
but the hard skin of the original castings, coated 
with Dr. Angus Smith’s composition, upon which 
the sewage can produce no detrimental effect. 

(3) The friction of a pump, piston and other working 

parts is avoided, the compressed air itself acting 
direct upon the fluid, without the intervention of 
any machinery, and forming an almost frictionless 
and perfect piston, past which there can be no slip 
or leakage. 

(4) The cup-and-bell float arrangement is one that 

cannot possibly get out of order, as an ordinary 
rising and falling float would be likely to do. 

(5) The only tooled parts are those in connection with 

the small automatic air-valve ; this makes only 
one movement of two or three inches for each 
discharge of the container of from SO to 1,20(> 
gallons (according to the size of the ejector), and 
is in contact only wuth the compressed air and out 
of reach of the sewage. 

(6) The sewage inlet and outlet valves are so arranged 

as to give free passage-way of the full area of the 
pipe, allowing free passage to all solids that the pipe 
itself can carry. No part of the container has any 
depression or traps wherein solid matter may 
collect. 

(7) The outlet is from the bottom of the ejector, so 

that the whole of the sewage, including solids, 
sludge, grit and everything brought down -the 
sewer, is discharged out of the ejector. 

(8) For these reasons no screening or straining of the 

sewage is necessary, as is the case with pumps, and 
the great nuisance caused by the cleaning of pump 
gratings and sump \vells is avoided. 


14 
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(9) The sudden rush of the whole contents of the ejector 
when the discharge is into a main gravitating 
sewer, forms a most effective flush. 

(10) The ejector forms an absolute severance of the 
sewers of each district from the main sewer. 

The size of an ejector required for any district is deter- 
mined by the estimated quantity of the sewage of the district, 
its capacity being equal to the number of gallons of sewage 
per minute at the time of maximum flow^, which is one and 
a half times the average per minute of the total daily flow. 

Each district should be provided with ejectors of the 
requisite size in duplicate, one being sufiicient to cope with 
the ordinary work, the other being held in reserve. The 
two ejectors should be worked alternately, say every week 
or fortnight, to ensure that they are both kept in working 
order. 

Cast-iron pipes required for air and sealed sewage mains 
need not be of the same thickness as those used for water 
works, as the pressure under which they work is compara- 
tively light. 

The Lieurner System. 

This is a pneumatic system and consists of collecting the 
night-soil and slop water only, direct from the water-closet 
through hermetically closed iron pipes, into chambers, by 
creating a partial vacuum in the chambers ; the contents of 
the water-closet pass into an iron syphon tank, hermetically 
closed. From this tank the sewage is drawm, by the vacuum 
created by the pumping station, through iron pipes into the 
street sewer, and thence into iron chambers of the district 
reservoir, which is placed underground, in the centre of a 
district of about 30,000 people. 

By a series of valves, these district reservoirs receive the 
contents of the street sewers, which ultimately pass into the 
central reservoir at the pumping station. 
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Tiie advantages claimed are, that the sewers and house 
drains are air-tight and there can be no leakage and no foul 
air, that the pipes and sewers can be laid irrespective of 
gradient and no water is required, and that the whole process 
takes only a few minutes and can be repeated as often as 
necessary. 

The sewage thus received at the central reservoir is 
manufactured into poudrette and sold as manure. 

The system is at work in Trouville, Amsterdam, South 
Africa, and Stanstead, England, and is found to be 
satisfactory. 

Each house connected has the ordinary sanitary fittings, 
water-closets, etc. No special fittings of any kind are 
required in the house. The sewage, however, instead of pass- 
ing directly into the drain and thence into the sewer, as in 
the English system, is collected in an underground receptacle, 
a small iron tank, fitted with a syphon trap to cut ofi foul 
air from the premises and to prevent the admission of any 
foreign bodies, such as brushes or mops, which might tend 
to block the sewers. Each of these receptacles is ventilated 
by means of the soil pipe or a special ventilating shaft 
and communicates by means of an iron pipe, about i inches 
in diameter, with the street sewer. On each of the house 
drains there is a valve which can be used for disconnecting 
the house from the sewer, if ever the necessity arise. The 
street sewers pass directly to the receiving reservoir of the 
section. The mode of working is as follows : For six or 
twelve hours the sewage is allowed to collect in the house 
receptacles. A man then visits each district in succession 
and by opening certain valves places all the street sewers, 
with their connected houses, in direct communication with 
the district receiver, which is kept exhausted of air. Im- 
mediately the valves are opened, the air pressure outside 
forces the contents of all the house receptacles into the sewers 
and into the collecting reservoir. This is efiected in a 
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few seconds. When all the street sewers are thus emptied, 
the valves are again closed, cutting them off from the receiver. 
The receiver is next placed in connection with the main 
sewer, when the whole of the contents is with extraordinary 
rapidity discharged therein and passes directly to a large 
tanli at the sewage works. The district sewers are about 
6 inches in diameter, and the main sewer is 8 inches to 12 
inches in diameter. All are of iron with perfectly air-tight 
joints. 


Disposal of Sewage ; Choice of Method. 

Sewage generally may be said to consist of a mixture of 
saline matter in solution, and nitrogenous and carbonaceous 
organic matter in solution and suspension, together with a 
certain amount of grit and mineral matter. 

Average composition of sewage in ^larts per 100,000. 


(Bombay). 

Free Saline Ammonia ..3,4 

Albuminoid Ammonia 1.1 

Oxygen absorbed in 4 hours at 27° C 4.79 

Chlorides 12.6 

Total Solids 94.0 

in suspension 24.0 

in solution ..70.0 


The selection of a method of sewage disposal should 
depend primarily on local conditions. 

The objects to be aimed at in its purification are the 
removal of the suspended matter and the oxidation of the 
remaining organic matter and ammonia. 

There is a considerable amount of evidence to show that 
the oxidation of the organic matter, during its passage 
through filters or land, is chiefly a biological process, but 
as to the exact nature of the action which takes place very 
little is known. 
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It is practicable to purify tlie sewage of towns to any 
degree required, either by land treatment or by artificial 
filters, and there is no essential difference between the two 
processes, for in each case the purification, so far as it is 
not mechanical, is chiefly effected by means of micro- 
organisms. 

The two main questions therefore to be considered in the 
case of a town proposing to adopt a system of sewage puri- 
fication are, first, what degree of purification is required in 
the circumstances of that town and of the river or stream 
into which its liquid refuse is to be discharged ; and second, 
how the degree of purification required can, in the particular 
case, be most economically obtained. 

The choice of a scheme must depend on a number of con- 
siderations, but the Sewage Commission state in their report 
that they know of no case where the admixture of trade 
refuse with sewage makes it impracticable to purify the 
sewage either upon land or by means of artificial processes, 
although in certain extreme cases special processes of pre- 
liminary treatment may be necessary. 

The various methods of disposal of sewage are as 

follows ; — 

(1) Discharge into a river or the sea 

(2) Subsidence, straining and precipitation 

(3) Biological purification 

(a) Septic Tank 

(b) Contact-beds 

(c) Slate-beds 

(4) Activated sludge process 

(5) Purification on land 

(а) Intermittent downward filtration 

(б) Broad irrigation 

(1) Discharge into a river . — The sewage of towns situated 
on the banks of rivers is usually discharged into the rivers, 
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but tbis should never be done without some preliminary 
treatment. The degree of purification of sewage required 
depends upon the relative volume of sewage to the volume of 
river water and where the volume of river water is large com- 
pared to the volume of sewage, the river water may be relied 
upon to complete the purification of sewage if it is previously 
treated in some way . In India, the towns situated on the banks 
of rivers usually discharge the crude sewage into the water. 
As the river water is used for drinking and bathing purposes 
without any purification, there is no doubt that pollution 
of water from unpurified sewage is the main cause of epidemics 
of Cholera and other intestinal diseases w^hich break out now 
and then in such towns. Even large rivers are liable to run 
low during the hot season and, therefore, it is distinctly 
dangerous to discharge sewage into them wdthout previous 
treatment. 

Discharge into the sea . — When the town is situated 
near the sea, the readiest method is the discharge of the sewage 
into the sea, by means of iron sewers. In discharging thus 
a large bulk of sewage, great care is necessar}’- to select a 
position, where the sewage will not be throvm back on the 
foreshore, as this will cause a most ofiensive and as time 
passes, an increasingly dangerous nuisance. A careful study 
of the tides should be made, and for this purpose float obser- 
vations should be carried out at all states of the tide. These 
should be carefully considered, along with the prevailing 
wjnd and weather, in arriving at a decision. The greatest 
difiiculty occurs during neap-tides, when sewage is likely 
to remain in the neighbourhood of the outfall for some hours. 
A sea-outfall should be taken away in the sea as far as possible 
from the shore so that the mouth of the outfall may be always 
under water even at the lowest tide. The liquid of the 
sewage rapidly diffuses into the sea water but the solid matter 
may persist for a considerable period without any change, 
especially as sea water delays oxidation of solid organic 
matter. The sewage having a lower specific gravity than 
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sea water floats on tlie surface exposed to the influence of 
tide and wind, and if carried down to tlie foreshore is liable 
to cause dangerous deposits. 

In a sea-outfall, consideration should also be given to 
the question of local fisheries and oyster-beds. Fresh sewage 
discharged into the sea does little harm to the fish but putre- 
fying sewage is distinctly dangerous and will destroy or 
drive it away. If oyster beds are situated near a sewage 
outfall the oysters may be infected with Typhoid and other 
organisms of intestinal diseases. 

In large cities as in Bombay, where the gradients are 
not suitable there is difficulty in obtaining a continuous 
flow of sewage along the sewers. The sewage has, therefore, 
to be lifted up by the Shone System into the high level 
sewers, from where it can flow direct into the sea. During 
high tide, the outfall sewer gets water-logged unless its 
mouth is protected by a tidal flap-valve and high tide, 
therefore, interferes with the flow of sewage into the sea. 
To overcome this difficulty reservoir tanks may be constructed 
near the outfall to collect the sewage which flows in during 
high tide and it may then be discharged as soon as the tide 
recedes. In India, owing to the high atmospheric temperature, 
sewage would decompose rapidly and nuisance will be caused, 
therefore, by such accumulations of sewage into reservoir 
tanks. A better method, therefore, would be the construction 
of a pumping station at the outfall as is done in Bombay and 
the pumping of the sewage continuously into the sea at all 
states of the tide. 

(2) Subsidence, Straining- and Precipitation. 

Stibsidence or sedimentation is cj[uiesoent or continuous, 
etc., merely arresting the sewage and allowing the heavier 
particles to settle before passing on to land or over filters. 
The tank must be cleaned out frequently, at least once a 
week. 
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Straining , — Crude sewage is carried over beds of ashes 
or charcoal, through which its liquid portion percolates 
slowly. The solid matters collect at the top and cause 
clogging of the filters rapidly which require to be cleaned 
or renewed frequently. This method is, therefore, very 
expensive and is seldom practised. 

Precijjftoiwi.— The process is now considered only one 
form of prelhninary treatment on land or biological system, 
and in the case of some sewage containing trade-wastes 
is almost essential and, as a rule, aids in the subsidence 
of suspended matter and facilitates filtration. 

The usual precipitants used are 

Lime either by itself, as milk of lime 10 to 15 grains per 
gallon of sewage, or in conjunction with ferric sulphate 
12 grains per gallon ; alumina ferric 5 to 15 grains per gallon 
of sewage ; a mixture of alumina ferric, blood, charcoal and 
clay, (known as A.B.G.), 50 grains per gallon ; ferrozone 8 grains 
per gallon. The objections are the colour of the sewage, the 
supervision required in mixing, the cost and the disposal 
of the sludge. 

Ferric sulphate and lime appear to give the best 
results. In trade-waste, where much fat is present, sulphuric 
acid is used, for recovering the fat, while in brewmry towns 
lime is the precipitant. 

The process of chemical precipitation is to a large extent 
mechanical, the precipitates produced by the chemicals used 
dragging down the suspended matter. A certain amount 
of chemical action takes place when lime is added, the lime 
combining with the carbonic acid and making an insoluble 
carbonate. 

In the case of sewages which contain trade waste, and 
strong sewages from water-closets of towns, it is generally 
desirable to subject the sewage to some form of chemical 
treatment before attempting to oxidise the organic matter 
contained in it. In most cases careful chemical precipitation 
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materialty aids the deposition of the suspended solids and 
facilitates subsequent filtration. 

No general rule can be stated with regard to the capacity 
of precipitation tanl<:s. With continuous flow, an eight 
hours’ rate is usually sufficient to produce a fairly good tank 
liquor from a domestic sewage of average strength. 

If sewage is allowed to remain quiescent in the tank, two 
hours’ settlement would usually suffice. 


Time eequieed eoe Settlement in Tanks. 


Continuous flow with chemicals 
Continuous flow without chemicals. . 
Quiescent with chemicals . . 
Quiescent without chemicals 
Septic tank without chemicals 


8 hours in tank. 

15 „ 

2 „ 

2 „ 

24 


In India it is found that 8 to 12 hours is sufficient for 
septic tanks. 


Production of Sludge.— On the average, domestic sewage 
contains about 35 parts per 1,00,000 of suspended matter. 

Sedimentation Tanks . — All tanks are sedimentation 
tanics, but it is convenient to limit the expression to tanks 
in which the sewage is allowed to settle without the aid of 
chemicals, and from wffiich the sludge is frequently removed. 

In some cases the tanks are allowed to stand full and the 
supernatant hquid is drawn off by a floating arm. In other 
cases, the sewage is allowed to flow through the tanks slowly 
but continuously. 


Quiescent Sedimentation . — Two to three hours’ quiescence 
is usually sufficient to produce a tank liquor fairly free from 
suspended solids, but owing to the fact that some sewage 
contains a larger i)roportion, than others, of solids that settle 
very slowly, no general rule can be laid down as to the 
necessary period of quiescence With this form of treat- 
ment, the deposit in the tanks should be frequently removed. 
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Continuous Mow Sedimentation . — The amount of settle- 
ment effected does not depend upon the period of flow alone 
but upon a number of other factors. If the tank liquor is 
to be treated upon filters of fine materials, the period of flow 
should generally be from 10 to 15 hours. The tanks should 
be cleaned out at least once a week. 

(3) Biological Pueification of Sewage. 

In a sewage purification scheme, the essential points to 
be secured are .•—(1) Disposal of solid matters in such a way 
that there would be no sludge problem ; (2) the resulting 
efifiuent should be clear, containing very little solid matter 
and free from odour, so that it may be safely discharged into 
a water-course ; and (3) absence of any nuisance from smell 
or otherwise in the neighbourhood of the sewage purification 
works. 

The biological method of sewage purification helps to 
some extent to secure the above considerations. This system 
consists of encouraging the micro-organisms to act on sewage 
as it enters the purification works rather than checlc their 
action as is done by chemical treatment. The action takes 
place in two stages which differ from each other. In the 
first stage, the solids of sewage are broken up and carried 
into solution by one set of organisms, whilst oxidation of 
dissolved products and their conversion into hamiless sub- 
stances constitutes the second stage which is carried out by 
a second group of micro-organisms. The first group is called 
“ Anaerobes ” because they are active in the absence of 
light and air. The second group is called “ Aerobes ” i.e., 
they require oxygen for their activity. 

The actual changes which take place in sewage as a 
result of bacterial action are obscure and somewdiat complex. 
In the first stage albuminous matters, cellulose and fats are 
broken up into soluble nitrogenous compounds, fatty acids, 
phenol derivatives, gases and ammonia. In the second 
stage, ammonia and carbon residues are changed into water, 
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carbon-dioxide, nitrites and nitrates. To enable tbe micro- 
organisms to perform tbeir work under tbe best conditions 
possible and thus to secure these natural and biological 
changes in sewage, a number of installations have been 
devised. Though they differ from one another in matters 
of detail, they are all similar in principle. 

As representing one in which purely anaerobic action 
takes place, and the one which is used in India in many places, 
we may consider Cameron’s Septic Tank. 

(a) Septic Tanks. 

The notion that the solid matter of sewage would be 
digested by passing the sewage through a sealed tanlj: is by 
no means novel, but it does not appear to have had any 
extensive practical application until Mr. Cameron, who 
held the office of City Surveyor of Exeter, proposed the 
adoption of the “ septic tank treatment ” for that city. 
At that time it was claimed that the septic tank possessed 
the following among other advantages : — 

That it solved the sludge difficulty, inasmuch as practical- 
ly all the organic solid matter was digested in the tank. 

That it destroyed any pathogenic organisms which might 
be in the sewers. 

That sewage which had passed through a septic tank was 
more easily oxidised than sewage from which the solids had 
been allowed to settle, either with or without the aid of 
chemicals, in tanks which were frequently cleaned out. 

As regards the first of these clamis, it is now clearly 
established that, in practice, all the organic solids are not 
digested by septic tanks, and that the actual amount of 
digestion varies, to some extent, with the character of the 
sewage, the size of the tanks relative to the volume treated 
and the frequency of cleaning. The liquor issuing from 
septic tanks is’ bacteriologically almost as impure as the 
sewage entering the tanks. 
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Domestic sewage, whicti has been passed through a septic 
tank, is not more easily oxidised in its passage through filter 
than domestic sewage which has been subjected to chemical 
precipitation or simple sedimentation. 

No definite rules can be laid down as to how long a septic 
tank should be run without cleaning. In the case of small 
sewage works (serving populations of, say, 100 to 10,000 
persons), the tanks should generally be allowed to run, without 
cleaning, so long as the suspended matter in the tank liquor 
shows no signs of affecting the filters injuriously. For 
larger works, it would generally be advisable to run off small 
quantities of sludge at short intervals of time. 

The rate of flow through a septic tank is a matter in which 
the needs of each place require special consideration, but 
at few places should the sewage be allowed to take longer 
than 21 or less than 12 hours to flow through the tank. In 
India 6 to 12 hours is sufficient. In no case should less 
than two tanks be provided, and they should be so arranged 
that, if necessary, one tank can be used alone. 

As regards digestion of sludge and quality of the tanlc 
liquor, a closed tank possesses no advantages over an open 
tank because the scum at the top shuts off all light and 
air and allows anaerobic action to take place in the tank 
liquor. There is, however, less risk of nuisance if the tank 
and the feed channels to the filters are covered in. 

The provision of a roof to the septic tank is a question 
of some interest from another point of view. If the roof of 
the tank makes no difference as regards the liquifaction of 
sewage and the quality of the tank liquor, one might dispense 
wdth the roof altogether as it would save the expense of its 
construction. It has to be remembered, however, that owing 
to the high atmospheric temperature in India, evaporation 
of water from the liquid contents of a tank without a roof 
would occur rapidly and the tank liquor may become con- 
centrated to such an extent as to hinder bacterial action in the* 
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tank. Besides, owing to tlie rainy season being confined to 
certain months in the year, heavy downpours of rain occur 
often enough during the autumn. This will cause the tank 
to be flooded at such times, with the result that its contents 
will overflow into the surrounding regions, causing thereby 
a nuisance to the neighbourhood. Lastly, things dropped in 
accidentally like stones or pieces of bricks are likely to break 
up the scum layer. For these reasons, a roof to the septic 
tank in the tropics is an absolute necessity. 

During septic action in the tank, gases are given ofi 
which must be allowed to escape by openings in the roof. 
If this is not done, purification work almost ceases. The 
gases are not offensive but are highly inflammable. The 
mixture of gases consists of Methane, Hydrogen, Carbon 
dioxide and Nitrogen. They may be led away from the 
tank by proper arrangements and utilised for the purpose of 
lighting or working a gas-engine. 

The effluent from the septic tank resembles dirty water 
in appearance and has little ofliensive smell. It is carried 
on either to aeration beds or percolating filters (see p. 224). 

By passing septic tank liquor through tanks of a size 
sufficient to hold about one-quarter of the day’s flow, with 
the addition of from 2 to 3 grains of lime per gallon to the 
liquor, the suspended solids in the liquor are materially 
reduced, the offensive character of the licjuor is largely 
destroyed, and a considerably larger quantity of the liquor 
can be treated per cube yard of filter. 

(b) Contact Beds. 

Our knowledge of the action of a contact bed is very in- 
complete, and little is known as to the manner in which the 
organic substances of sewage are broken down, during the 
first stages of fermentation, into carbon dioxide, ammonia, 
etc. The purifying agents seem to be not only bacteria 
but also worms, larvae, insects, etc., and no opinion can be 
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offered as to tlie respective amount of work done by each, 
set of agents ; it probably differs to some extent according 
to the nature of the sewage. It has been observed that at 
some places large numbers of worms are present, while at 
others there are comparatively few. 

Little is known of the kind of bacteria essential for 
purification, or as to their mode of action, and it cannot be 
stated whether they act chiefly during the period of contact 
or during theperiod of rest or aeration after the filter is emptied. 
There are, however, grounds for ticking that the resting 
period is the more important phase of the cycle. 

The generally accepted theory, as regards nitrogenous 
matter, seems to be that the ammonia is extracted from the 
liquid during the period of contact and oxidised during 
the period of rest, and that the resulting nitrates and nitrites 
are diffused through the liquid during the subsequent filling. 
All the ammoniacal nitrogen, however, does not appear in 
the effluent in the oxidised state, for there is always loss of 
nitrogen, as nitrogen gas, during the process. 

The withdrawal of suspended and colloidal matter from 
the sewage during the passage through the bed appears not to 
be a simple mechanical effect of the material, for a matured 
contact bed, not clogged, will withdraw more suspended 
matter from the sewage than another bed similar in all other 
respects but not matured. 

Construction and Working op Contact Beds. 

In some cases contact beds have been made by simple 
excavation, but the evidence shows that in the majority of 
cases it is desirable that the beds should be constructed of 
building materials. 

The beds are about four feet deep and are made up of 
broken stone, hard burnt clay or ballast, each of which offers 
a good surface for the development of bacteria. 

Contact beds are worked in the following way. The 
bed is filled up and the sewage is allowed to remain in contact 
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for some time (hence contact-beds). Then they are emptied 
and kept empty for some hours for the purpose of aeration. 
Each bed is filled up thrice in 24 hours, it being estimated 
that 1 c. ft. of bacteria bed will daily deal with 1 c. ft. of 
sewage. The eight hour cycle is distributed as follows : — 
1 hour to fill, 2 hours to rest fuU, and one hour to empty. 
The remaining four hours to remain empty for aeration. 
This intermittent application of sewage ensures their proper 
working. If properly managed, they are capable of purifying 
sewage to the extent of one milhon gallons per acre of beds 
per day. * 

Single contact will, generally, only yield a good efhuent 
where the sewage to be treated is weak, and then only 
after good preliminary treatment. Eor the purification of 
partially settled weak sewage, and of well settled as also of 
partially settled sewage of average strength, if the case is one 
in which a good effluent is required, double contact is neces- 
sary, while if a strong sewage has to be treated triple contact 
is necessary, unless the preliminary treatment is exception- 
ally good. 

The contact bed may be upward contact and the liquor, 
after being in contact with the coarser material, is distributed 
by filtering trays or distributing gear over the percolating 
filter. The effluent is as a rule fit to pass into a river, but, 
if the river-water is used for drinking purposes, it would be 
necessary that the effluent be passed over land. 

(c) Slate-Beds (Dibdin.) 

These beds are constructed from the debris of 
the slate quarries. The slate slabs are arranged hori- 
zontally on suitable slate blocks leaving intervals of 2^ 
inches between adjacent layers, in tanks about 4 feet deep. 
The slate beds offer advantages over the contact beds pre- 
viously described in as much as there is no progressive clog- 
ging and loss of capacity as occurs in the contact beds and 
there is no necessity for the frequent washing and renewal 
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of the contact-material. The beds can be washed out with 
the slates in situ. The solid matter left in the bed is much 
less in quantity and when removed, dries off inoffensively 
when exposed to the atmosphere. 

The beds are filled from the top and emptied from the 
bottom. The filling and emptying each takes about 3 hours, 
the beds remaining full for 2 hours only. The effluent coming 
from these beds is clear and inodorous. 

Aeration Beds and Percolating Filters. 

The effluent coming from the septic tank or contact 
beds is passed for final purification over filters in which it 
either remains in contact for some time (aeration beds) or 
through which it percolates (percolating fiilters). 

Sewage filters may be divided into two broad classes : 
aeration beds and percolating or streaming filters. 

Aeration beds are tanks filled with some filtering medium. 
Ill these tanks the sewage is held up before it is discharged. 
The bed, after it is emptied, is allowed to remain empty for 
some time before receiving the next filling. The length of 
time for which the sewage is allowed to stand in the bed is 
spoken of as the period of contact. 

In percolating filters, the sewage is not held up but is 
allowed to percolate through continuously. 

There can be no doubt that the organic matter in solution 
in the effluent can be oxidised by either tjrpe of filter, provided 
the filter is properly constructed and properly worked, 
but the question of the relative merits of the two types 
is one of some difficulty, as very few strictly comparative • 
experiments on a large scale have been made. 

Within ordinary limits, the depth of an aeration bed 
makes practically no difference to its efficiency per cubic 
yard. It would be generally inadvisable to construct 
beds of a greater depth than 6 feet or of a less depth 
than 2 feet 6 inches. 
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For practical purposes and assuming good distribution, 
tlie same purification will be obtained from a given quantity 
of coarse material, whether it is arranged in the form of a 
deep well or of a shallow percolating filter, if the volume of 
sewage liquor treated per cubic yard be the same in each case. 

In nearly every case a greater rate of filtration per cubic 
yard can be adopted, if the material is arranged in the form 
of a percolating filter than if it is used in contact beds. In 
many cases the rate of filtration through percolating filters 
may be double or nearly double of what it could be with 
contact beds. 

Filtering Material . — The materials in general use for 
aeration beds are clinker and coke ; experience of other 
materials is not very great. 

With percolating filters, however, many different materials 
have been used, and although the actual working of per- 
colating filters is different from that of aeration beds, the 
results are, to a large extent, applicable. At York a quanti- 
tative experiment with septic tank liquor was made on 
a, circular percolating filter, 7 feet 8 inches deep, and con- 
structed in four segments, one of clinker, one of coke, one 
of slag and one of broken brick, the material in each case 
being broken and riddled as nearly as possible to the same 
size ; the bulk of the clinker was, however, distinctly smaller 
than that of the other three materials. The results showed 
that the best effluent was obtained from the clinker segment, 
that the coke and slag segments gave very similar effluents, 
but not quite so good as the effluent from the clinker segment, 
and that the effluent from the broken brick segment was 
the lowest in the scale of purity. All the four effluents were 
of good quality. 

With percolating filters there is apt to be nuisance from 
flies, especially with filters constructed of coarse filtering 
materials. In the warmer months of the yenr, such filters 
swarm with numbers of psychodidse, which, though ap- 
15 
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pearing to breed and develop in the filters, niay usually 
be seen in large numbers on the walls of houses or buildings 
close to or on the works. 

Size of Materkil—The smaller the size of material used 
in an aeration bed, the greater is the internal surface area 
exposed, and consequently, the more intimate the contact of 
the liquid with the material, the greater the purification and 
the more efftcient the arrest of the suspended and colloidal 
matter. 

The efficiency of an aeration bed, how^ever, depends very 
largely upon the admission of air to all parts of the filter 
during the time the bed is resting empty. Thorough and 
rapid drainage is therefore of the utmost importance. 

With regard to percolating filters of fine material, if the 
liquid to be purified were absolutely free from suspended 
and colloidal solids, and if thorough aeration could be main- 
tained, the statement just made for filters of coarse material 
might possibly hold good for filters of fine material also. In 
practice, however, these conditions can scarcely be main- 
tained with large rates of fiow, and the greatest efficiency 
can be got out of a given quantity of fine material by 
arranging it in the form of a shallow filter rather than of a 
deep filter. But it is difficult to make an exact quantitative 
statement as to the difierence in efficiency of the two forms. 
The amount of sewage which can be purified per cubic yard 
of aeration bed or of percolating filter varies, within prac- 
tical limits, nearly inversely as the strength of the liquor 
treated. This statement is based on the assimiptions that 
the size of the material of which the filter is composed is, 
in each case, suitable to the character of the liquor treated, 
and that the material is arranged at the proper depth to 
secure maximum efficiency. 

Percolating filters are better adapted to variations of 
flow than aeration beds. Effluents from percolating filters are 
usually much better aerated than effluents from aeration beds, 
and, apart from suspended solids, are of a more uniform 
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character. On emptying an aeration bed, the first flush is 
usually more impure than the average effluent from the bed. 
The risk of nuisance from smell is, however, greater with 
percolating filters than with aeration beds. 

Where the liquor to be treated contains much suspended 
matter, it is usually advisable to construct filters, whether 
contact or percolating, with coarse filtering material. Where 
the preliminary treatment " has effectively removed the 
greater part of the suspended matter, it is best to use fine 
material in the filters. 

As a rule, special stand-by tanlvs (two or more) should be 
provided at the works and kept empty for the purpose of 
receiving the excess of storm- water, which cannot properly bo 
passed through the ordinary tanks. As regards the amount 
which may be properly passed through the ordinary tanks 
in storm times, the rate of flow through these tanks may 
usually be increased without serious disadvantages to about 
three times the normal dry weather rate. 

The points then to be considered, when advising on a 
biological system for disposal of sewage, are detritus 
chamber, septic tank, slate beds, contact beds, filter beds, 
effluents and outfall. 

The sewage must be screened and passed into a septic 
tank, which may be covered or not. After remaining 8 to 24 
hours according to climate, the supernatant liquor flows off 
and is distributed by mechanical distributors or sprinklers^ 
or spread over a filter bed, or the sewage after being screened 
and admitted into a sedimentation tank passes to slate beds 
and filters and after sedimentation to contact beds and 
percolating filters, storm-water filters being provided for the 
increase due to rain, 

(4) Activated Sludge Process eor the Pueieication 
OE Sewage and Trade Waste. 

The purification of sewage and trade waste by a process, 
free from objectionable odour, has always been an ideal 
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and has apparently at last been rendered possible by the 
activated sludge process. The crude sewage is screened and 
thereafter is aerated by being agitated by mechanical 
agitators blowing air through it ; the process however 
consists not merely of aeration or agitation of the sewage 
but a combination of both, with the retention in the 
tank of the sludge, indigenous to the sewage, but activated 
by the process of aeration. In this process sewage organisms 
multiply rapidly in the sewage and their peculiar value is 
that in some way not yet definitely understood they induce 
the rapid settling of the sludge— the latter being of course in 
consequence changed with these organisms which are carried 
down along with the sludge ; the sludge is thereafter spoken 
of as " activated ” or, in other words, “ ripened,” and portions 
of it can be used over and over again for the activation of 
fresh sewage. 

Hitherto, with any sedimentation or septic tank process, 
retention in the tank induced anaerobic conditions, a bad 
smelling effluent, and a worse sludge of so little fertilizing 
value, that the problem of sludge disposal often became more 
serious than that of purifying the liquid contents of the tank. 

The activated sludge process not only yields a pure 
effluent but it also purifies the sludge, changes its character 
and converts it into a valuable asset. 

Activated sludge is built up by aeration gradual at first 
the more or Ies,s purified liquid being drawn off and its place 
taken by more sewage, until about 25 per cent, of the tank 
contents consists of activated sludge. This proportion is 
then maintained and the surplus sludge is drawn off, for sale 
as it contains valuable fertilizing properties. 

The details of the process as carried out differ according 
to the form of energy employed and the method of utilising 
it and the following account will illustrate the three principal 
methods which are being praotised at present in different 
places. 
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In the first or the original, called the Manchester System, 
the form of energy employed is compressed air. The system 
may be described as consisting principally of a mixing tank, 
an aeration tank and a sedimentation tank. The mixing 
tank is so called because here the sewage entering into the 
plant is mixed up with the activated sludge passed back 
from the sedimentation tank through the central channel 
of the aeration tank. The aeration tank is divided into two 
aeration chambers by a central longitudinal channel, meant 
for reactivation of the return sludge from the sedimentation 
tank. In the aeration chamber are provided a number of 
baffle walls with openings at their bottom. The baffle walls 
prevent the rapid flow of sewage in the tank. Along the 
whole length of one side of the aeration chamber are fixed at 
right angle to the flow of sewage, a row of air-diflusers in 
the form of tiles each of which is connected, through an 
air-chest to a supply air-pipe. The difluser tile is so made 
that it will pass 2 c. ft. of air per minute per square foot 
of the surface. The mixture of sewage and activated sludge 
enters from the small mixing chamber previously mentioned, 
and passes over the diffusers acquiring a spiral motion as a 
result of which the sewage and activated sludge are thoroughly 
agitated and aerated. The purified sewage then enters 
the sedimentation tank, pyi-amidal in shape where the sludge 
separates out by settlement. A part of this is transferred 
back to the central channel to be aerated again and reactivated 
andpassedtothemixingtank, the rest being removed through 
the bottom. The effluent escapes over the sills, and may 
be discharged into a suitable outfall. The reactivated sludge 
is utilised for mixing with fresh sewage entering the plant. 

In the second or the “ Sheffield iSystew”, the agitation and 
aeration of sewage are carried out by mechanical means making 
use of the atmospheric air. The aeration tank is divided 
into 18 longitudinal channels by their divisional walls. Across 
the centre of the tank are arranged 18 paddle wheels driven 
by motors at a speed of about 15 revolutions per minute. 
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Baoli wlieel is ])ro'vided with 8 arms and alternate wheels 
rotate in opposite directions, agitating the snrface of sewage 
so that fresh portions are brought into contact with tbe 
atmospheric air. The sedimentation tanks are pyramidal 
in shape. The process of purification in this plant resembles 
in principle, action and effect, the natural self -purification 
of river-water which takes place when polluting liquids are 
passed into it. 

The third or the Simplex System consists of inverted 
cone-shaped tanks, in the centre of each of which an uptake 
tulje is arranged which terminates about 6 inches above the 
bottom of the tank. The hopper shaped top of each tube 
contains a cone fitted with vanes and mounted on a vertical 
shaft. The cone revolves at a high speed drawing the mixture 
of sewage and sludge up the tube and throwing it outwards 
at the top, in the form of a fine spray. This brings the sewage 
into intimate contact with air. A continuous vertical cir- 
culation is thus maintained, the sewage and sludge rising 
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quickly up the tube and falling slowly tbrougb the body of 
the tank. As in tbe previous methods, the final separation 
of the activated sludge from the purified effluent is effected 
in deep sedimentation tanks. 

In all the above methods, the detention of the purified 
sewage in the settling tank is determined by the strength of 
sewage and may vary from 6 hours for a weak domestic 
sewage to 12 to 16 hours for a strong sewage containing trade 
wastes. 

The advantages claimed for the activated sludge process 
are 

(1) It is hygienic, aerobic throughout, without smell, 

aerial nuisance or fly trouble. 

(2) It dispenses with filters and secondary treatment. 

(3) It reduces area and cost of work required. 

(4) It involves no loss of fall and often saves pumping. 

(6) It makes the sludge innocuous and a valuable 

fertiliser. 

( 6) Existing tanks can be utilised. 

(7) Long outfall sewers are not necessary as works can 

be built near the town. 

But there are certain disadvantages reported, viz., the 
great bulkiness of the sludge rendering difficult the economical 
disposal of the sludge on account of its great volume. It is 
too early yet to state what is the future for this process. 
Already it has been tried successfully in England and the 
United States of America, and if the difficulties above- 
mentioned can be overcome, it may come into more general 
use. 


(6) Treatment op Sewage on Land. 

It is generally desirable to remove from the sewage, by 
a preliminary process, a considerable portion of the grit 
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and suspended niatter, before attempting to purify the 
sewage on land. 

If a sufficient quantity of good land, to which sewage can 
gravitate, can be purchased at a moderate price, land treat- 
ment would usually he the cheapest method to adopt. In 
cases where only clay land is available, it would generally 
be cheaper and more satisfactory to provide artificial filters. 

There are many cases where crude sewage has been passed 
over land, but the evidence shows that land treatment of 
crude sewage is liable to give rise to nuisance, by the accu- 
mulation of solids on the surface of the land. Moreover, in 
some cases these solids are apt to form an impervious layer 
and so impair the efficiency of the treatment. 

There is m essential distinction between effiuents from 
land and effluents from artificially constructed filters. 

Effluents from those soils, which are particularly well 
adapted for the purification of sewage, contain only a very 
small quantity of unoxidised organic matter, and are usually 
of a higher class than effluents from artificial filters as at 
present constructed and used. Effluents from soils, which 
are not well adapted for the purification of sewage, may 
often be very impure. 

Volume of Sewage which can be Treated on Land. 

G-enerally speaking, the evidence points to a maximum 
rate of 30,000 gallons per acre, or 1,000 persons per acre, 
with the best land after preliminary treatment, although 
some put the rate as high as 60,000 gallons per acre, or 2,000 
persons per acre, under similar conditions. 

With unsuitable land, such as clay, not more than 3,000 
gallons per acre can be efficiently treated, even after settle- 
ment of the sewage. 



Volume of Sewaoe which can be Treated on Land. 23S 


Table showing the approximate areas required with 
difierent soils. 



Direct to Land. 

After Preciipitiition 
of Mechanical 
Settlement. 

After filtration on 
R'leteria Beds. 


Ratio of 
popnJation 
per Acre. 

Acto.s 
per 1,000 
persons. 

Ratio of 
population 
per Acre. 

per i,000 
persons. 

Ratio of 
po 7 iiil:ii ion 
per Acre. 

Acres 
per i.OOO 
persons. 

Broad 

Irrigation. 







Gravel 

100 

10 

500 

2 

1,000 

1 

Light Loam . , 

100 

10 

500 

2 

750 


Heavy Loam . . 
Chalk . . 

Peat . . 

75 

13 J 

200 

5 

400 

21- 

Unsuit- 

Unsuit- 

Unsuit- 

Un.suit- 

Unsuit- 

Unsuit- 


able. 

able. 

able. 

able. 

able. 

able. 

Clay . . 

Intermittent 

50 

20 

100 

10 

300 

3.^ 

Filtration. 







G.'avel 

150 

6| 

500 

2 

1,000 

1 

Light Loam . . 

150 

6| 

500 

2 

1,000 

1 

Heavy Loam . . 

75 

13 i 

300 

3i 

500 

2 

Chalk .. 






Peat . . 

”75 

‘is’- 

*200 

5 

*400 


Olay . . 

Unsuit- 

Unsuit- 

Unsuit- 

Unsuit- 

Unsuit- 

Unsuit- 

able, 

able. 

able 

able. 

able. 

able. 


Intermittent Doivnward Filtration . — ^After tlie sew<age 
lias been screened and the suspended matter removed in 
tanlfs, either by subsidence or precipitation by chemicals 
the sewage may be discharged on the land. Intermittent 
downward filtration is defined by the Metropolitan Sewage 
Commission as “the concentration, for short intervals, of 
sewage on suitable land, as small as will absorb and cleanse 
it, not excluding vegetation, but making the produce of 
secondary importance.” 

The action of the soil on sewage is both mechanical and 
biological. The suspended matter is removed and the organic 
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matter broken up by bacteria for nitrification. The nitrifying 
organisms feed on the organic matter of the sewage oxidising 
it. 

The most suitable land is sandy, porous soil, but clay 
land can be broken up and made efficient by the addition 
of ashes. The surface of the land must be levelled, and the 
sub-soil under-drained with porous pipes, laid at a depth of 
fi feet and 20 to 30 feet .apart. The area should be set out in 
plot.s and each plot laid out on the ridge and furrow 
system. Each plot receives sewage for 6 hours with rest 
for the remaining 18 hours. The sewage flows down along 
the furroAvs Avhile vegetables and grass may be grown on the 
ridges. The organic products of sewage are assimilated by 
tlip roots which thus purify it ; rvliilst the leaves and stalks 
being above the sewage are not contaminated by the solid 
matter. One acre is required for 2,000 persons if the sewage 
is chemically precipitated, but if it is not, one acre for 
1,000 should be alloAved. The effluent is sufficiently pure 
to be discharged into a river or stream. In India less land 
would be required. Evaporation is faster and much sewage 
would be required to cover the land. 

Broad Irrigation is defined as “ the distribution of 
sewage over a large surface of ordinary agricultural land, 
having in view a maximum growth of vegetation (consistently 
with due purification) for the amount of sewage supplied.” 

The land should be a loamy soil, but sandy soil, gravel or 
clay can be so treated as to utilize sewage. The fall should 
be from the town to the site selected. Challi soil is not 
desirable because of the fissures (swallow holes). After screen- 
ing, the sewag-* should be brought to the land as fresh as 
possible and diverted to the different plots by means of 
carriers of earth or cement concrete, so that the sewage is 
properly applied. 

One acre of land for 300 people is required by the Ministry 
of Health, England, but much less would be required if the 
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sewage is precipitated before being discharged on to the land. 
One acre for 1,000 persons is sufficient. Much depends on 
the character of the soil and sewage. Vegetables and grass 
grow luxuriantly, and in India, especially, sewage farms if 
properly managed are very profitable. 

In tropical countries, in the presence of sewage farms or 
irrigation lands, the nuisance caused by mosquitoes has to 
be considered and in laying out such farms and in their 
management, this should receive every attention. 

Wells in the Neighbourhood of Seivage Farms . — On 
general grounds, and quite apart from any scientific data, 
it would seem to be unsafe to sink any shallow wells in 
the neighbourhood of sewage farms, or to use water for 
domestic purposes from any such existing wells, unless the 
evidence as to the safety of the water were of a most 
convincing kind. 

Deep wells sunk through an impermeable stratum are 
probably safe in the majority of instances, but wells not 
protected in this way and sunk through fissured strata 
caimot be relied on to yield a safe water supply, however 
deep they may be. 

Chalk wells are, perhaps, the most dangerous in this 
respect, and a report by Dr. Copeman on an outbreak 
of Enteric Eever at Pulborn Asylum and a paper read at 
a meeting of the Epidemiological Society by Drs. Eichards 
and Brinker serve to confirm this view in a strilring 
manner. The latter mentioned that a culture of a special 
organism was poured into a “ swallow hole ” at a distance 
of about two miles from a well, and was recovered from the 
well water after 67|- hours. 

Effect op Trade Effluents on Sewage Purification. 

All the trade effluents interfere -with or retard processes 
of purification to some extent, but the admixture of trade 
refuse does not make it impracticable to purify the sewage 
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upon land by means of artificial processes, although in certain 
extreme cases special processes of preliminary treatment 
may be necessary. 

Nuisance eeom Smell. 

All sewage worlds are liable at times to give off unpleasant 
smells ; they should therefore be situated away from dwelling 
houses, wherever this is practicable. 

The nuisance is apt to be considerably greater where the 
sewage contains brewery refuse in any quantity ; but, on 
the other hand, the presence of some trade effiuents, such 
as iron-salts or tarry matters, tends to render the process of 
purification less offensive. The extent of the risk of nuisance 
depends, ho^vever, not only on the character of the sewage 
but also on the method of treatment adopted. 

Combined Eefusb and Sewage Disposal. 

It can now be determined, in the light of what has been 
stated under Incinerators or Destructors (in Chapter II), 
whether it will not be possible to utilise the town refuse in 
acquiring powder for dealing with the disposal of sewage. 

In England the steam and electricity derived from the 
heat evolved in destroying refuse are used for many purposes 
including the pumping of sewage and the working of the 
gear for distributing it over the filters and making the 
concrete for building the filters. In some towns the 
electricity is available for tramways and pumping water. 

Tests for Sewage Effluents in relation to Standards. 

According to our present knowledge, an effluent can best 
be judged by ascertaining, first, the amount of suspended 
solids which it contains, and, secondly, the rate at which the 
effluent takes up oxygen from water. 

The Sewage Commission in their eighth Report deal with 
the standards and tests for sewage and sewage effluents 
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discharging into rivers and streams and express their 
opinion that as a general standard — 

(1) The effluent must be without faecal odour or 

marked deposit, 

(2) It must not contain as discharged, more than 3 

parts per 100,000 of suspended matter. 

13) With its suspended matter included, it must not 
take up at 65° F. (18*3°C.) more than 2-Oparts 
per 100,000 of dissolved oxygen in five days. 

(4) The amount of organic ammonia present should 

not exceed, *1 part per 100,000. 

(5) There should be no physical evidence of putrefac- 

tion when it is incubated for a week in a closed 
vessel at room temperature. 

But the Commissioners maintain that the nature and 
volume of the recipient waters should also be taken into 
consideration and special standards, which may be higher or 
lower than the general standard, must be fixed, as the local i 

circumstances require. In their opinion “if the dilution l 

is very low it may be necessary to prescribe a specially | 

stringent standard ” — on the other hand, if the dilution is j 

very great the standard may be relaxed or suspended al- ■ 

together. They think {a) that if the dilution is not below i 

150 volumes and does not exceed 300, the dissolved oxygen ‘ 

absorption test be omitted and the standard for suspended | 

solids fixed at 6 parts per 100,000. (b) But if the dilution is I 

over 300 volumes and less than 500 volumes, the standard for I 

suspended solids may further be relaxed to 15 parts per ! 

100,000. (c) With a dilution over 500 volumes, all tests might 

be dispensed with and crude sewage discharged, subject to f 

such conditions as to the provision of screens or detritus 
tanks as may appear necessary to the Central Authority. I 

Practical Application of the Foregoing. | 

In very few cities in India at present, can a complete f 

system of removal of sewage by water-carriage be adopted. f 


f 
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But in the majority, a partial system can be installed 
with great advantage. 

Let us take, for example two cities in India : one with a 
population of about 50,000 the other with a population of 
about 120,000. 

We are asked to advise on the best method of dealing 
with the sewage. 

The cities are 1,000 miles apart in the Bombay Presidency. 
They are both situated close to rivers. One is peculiarly 
well situated as regards gradient, while the other is not so 
well favoured. The climatic and geological conditions differ. 
One has a scanty rainfall, is practically rainless, and has a 
high dry wind, while the other has an average of 29 inches 
per annum and during the rainy season is fairly humid. 

The water supply in both cities is, or can be made 
sufficient— in one case it is from a gathering ground, in the 
other from a river. 

Beyond the primitive system of sewage disposal and 
sanitary arrangements, they have nothing in common ; the 
followmg description of the system in vogue with slight 
modification applies to both places. 

At present the system of collection and disposal of night- 
soil and sullage water is most primitive. 

The drainage system consists of innumerable open drains 
running either in the centre or sides of the streets and lanes 
into which drains from the houses run at right angles. These 
smaller drains passing along the streets and lanes are con- 
nected with main open drains, which discharge into private 
gardens, the owners of which pay the Municipality for the 
use of the sullage water. The drains are badly made and 
laid and are constantly blocked and become full of sullage 
water and have to be cleaned by hand labour. 


sometimes covered, chiefly on the ground floor of a house o: 
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in a blind lane but in some instances on the terraces. In 
many cases there are no seats or receptacles, the night-soil 
being deposited on the ground which is frequently unpaved. 
The excreta and urine and ablution water are also deposited 
on the bare ground : some is dried by the sun and some 
absorbed by the soil. Each privy has an open drain discharg- 
ing into an open drain in the lane or street and is washed 
down by the hliangi after the night-soil is removed. The open 
drains convey urine and some night-soil and ablution water 
into the main drain in the street and discharge into the 
outfall drains. All the washings from the houses and lanes, 
therefore, are discharged indirectly into open drains. 

There are many 7mhals or groups of houses in which privies 
are placed common to several houses. These privies are 
in close proximity to the windows of the houses, the entrance 
to which ivS by narrow lanes. In many of the lanes the sun is 
excluded. The night-soil and urine, remaining for hours, 
soak into the soil or are washed into the open drains or to 
some extent dried by the sun. 

Private privies are cleaned by Municipal agency. All 
privies are not supplied with proper receptacles. Each 
bhangi has to- clean fifty or more privies. 

The privies generally abut on the open lane or street and 
passing along the lane, the water from the bathing places 
and privies on the ground floor or upper floors can be seen 
discharging into open street drains. The narrowness of the 
lanes is accentuated by the presence of the open drains which 
occupy a considerable part of the space meant for walking. 

The Indian part of the town is thickly populated; The 
streets are narrow with long winding passages and the houses 
irregularly built, almost touching each other across the 
narrow lanes. 

The European quarters and Cantonment and the bunga- 
lows are in open compounds. The sanitary arrangements 
are on the dry system and have private sweepers. The bath 
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and kitchen waste discharges into cess-pits or pails which 
are emptied and used in the garden, or put in a cess-pit cart 
which conveys it to the trenching ground. The Canton- 
ment has latrines and urinals op, various principles, on the 
dry and wet system, dotted about at convenient but fre- 
quently very unsightly and unsavoury positions. The 
night-soil drops into pails and the urine separates into buckets 
and the contents are conveyed by drain carts to trenches 
or incinerators. 

In the cavalry barracks, the horse dung and litter have to 
be dealt with, and greater attention is necessary owing to 
the breeding of flies and mosquitoes. 

As far as the European and Cantonment arrangements 
arc concerned, as there is no system of sewage, the night-soil 
and waste are dealt with by the scavengering stafl and can 
be properly supervised : much depending on the control 
and zeal of the authorities. 

The European and Military population is about 3 per 
cent, of the whole. 

Night-soil is removed to the north-east of the city where 
it is buried in trenches ; each trench 200 feet long consists of 
seven partitions. It has been arranged to put the night-soil 
in each partition on each day of the week to facilitate early 
drying. Owing to the greater depth of trenches, drying 
takes a longer time. But the trenches have to be made 
deeper because of the limited space available. The dried 
night-soil in each trench is sold. For the removal of night- 
soil from the public latrines, mahal privids and private privies, 
there is a staS of bhangis with night-soil carts. 

This system then is insanitary for the following reasons : — 

The privy floors are connected to the open drains in the 
lanes. 

The night-soil and urine and ablution water and bath 
water, if not removed, to some extent find their way into 
the open drains. 
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In. tliese open drains, excreta, urine and snllage water 
remain close to living rooms and sliops and form an obstacle 
to the traffic. 

The night-soil and urine, if not removed, become a nuis- 
ance and danger to health. In many of the privies the floors 
are paved, and the hhangi after collecting the excreta, washes 
down the floor into the open drain. The urine and ablution 
water cannot be removed, but must either soak into the 
ground or discharge into the open drain. 

The defects in this system are that human excreta, as well 
as other foul matter, are constantly being exposed in these 
drains. These drains overflow and discharge into the streets 
and lanes. They encroach on the already narrow lanes and 
the sides become broken and defective by the constant traffic. 
The lanes are so narrow that any influence the sun might 
have is prevented. 

The ideal at which practical sanitation aims is the imme' 
diate removal and disposal of all excrementitious and pol- 
luted matter from the neighbouring dwellings without hand 
labour. 

The present system is in every respect contrary to this. 

The presence of human and animal excrement near 
the dwelliags is a serious danger to health, apart from the 
obnoxious odour polluting the air in and around dwelling 
houses ; there is a great danger of spread of Cholera, Enteric, 
Diarrhoea, Dysentry, Phthisis and infantile intestinal diseases. 
The food and wutcr and milk are in danger of pollution 
either directly or indirectly by flies and vermin, while a 
damp, polluted soil constitutes an additional danger to 
health. 

In the foregoing Chapter the data required for forming 
an opinion are given and may be re-capitulated. 

The population, geological position, class of jieople and 
trade, facilities for draining and disposal ; the cost of the 
16 
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system and connection of tlie houses ; the amount of water 
available per day per head of the population, the rateable 
value of the city and the annual income from all sources. 

The c[uestion has been under consideration for 30 years 
in both places. Sanitary engineers and other experts have 
drawn up schemes ; but lack of funds, want of pressure and 
passive resistance of the Municipality have deferred their 
application. 

The Health Officer or the Civil Surgeon has reported on 
the necessity of doing something for improving the sanitary 
condition. The mortality is high, Plague, Cholera, Small-pox, 
Enteric and Diarrhoea are constant visitors, while Malaria 
is always present. 

The water supply is from a gathering ground or river and 
is or can be made sufficient. The Health Officer has asked for 
and given good reasons for an increase in the staff ; and 
improvement in the sanitary arrangement of the houses, 
urmals and public latrines and a system of drainage to carry 
off the sullage water and sewage ; a septic tank installation 
with contact beds and percolating filters and effluent capable 
of being discharged into the river or on to a sewage farm. 

The practical engineering and actual carrying out of the 
scheme is done by engineers and, although the financial 
aspect must be considered in advising on an improvement, it 
is assumed that the ways and means will be provided. Vested 
interests and weak administration interfere with and delay 
achievement — ^but this must be expected. It must not 
dishearten the sanitary official ; he must continue to press 
and push forward schemes for the improvement of the 
district. 

In some towns in India, schemes have been proposed, 
drawn up and considered for over 30 years before anything 
has been done. 

It is a well accepted fact that the health of a community 
is improved by proper drainage of the soil and, although the 
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locality is for tlie greater part of tlie year rainless and Pas tPe 
natural advantages of a Pot siin and a PigP wind, tPe constant 
pollution of tPe soil by tPe sullage water from tPe open drains 
constitutes a serious danger, wPicP tPe laying of underground 
sewers will materially reduce. 

TPe advantages of an underground system of drains 
properly laid witP sufficient manPoles, inspection cPambers, 
flusPuig tanks and ventilators are : tPe immediate removal 
of all excrementitious and polluted matter witPoiit Paiid 
labour ; the soil becomes drier, tPe atmospPere purer and 
tPe surroundings of tPe Pouses cleaner. 

In Indian towms wPere tPe Pabits and customs of tPe 
people Pave to be considered, an underground system witP 
water-closets connected and installed as in Western cities 
must, to a certain extent, be modified to sidt tPese conditions, 
but it is an accepted fact tpat in Eastern towns, in spite of 
the Pabits of tPe people and their disinclination at first to 
adapt themselves to water-closets, a great, if gradual, im- 
provement is noticed. 

It is argued that the w^ater-closet is misused and becomes 
choked with stones, sticks, earth, rags, &c., and the system 
gets out of order and that a certain class of people will not 
use water-closets and that furdali W’omen would be prevented 
from using them unless placed inside the house and that 
there will be a danger of sewer air entering the house. 

Compared wdth the advantages of a water-closet system, 
these objections are trivial and have all been put forward 
before in other places. 

A properly constructed water-closet can, in every case, be 
kept cleaner than any form of privy ; while the ablution 
water and urine and night-soil from these nalianis or bath- 
ing places can all be utilised for flushing the water-closet 
basins and drains. The sides of the receptacles can be 
kept clean and the walls of the building do not reek with 
the odour of stale urine and night-soil. 
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Practical experience shows that in public latrines frequent- 
ed by all sorts of people, ignorant and wilfully careless, much 
trouble may be caused by the blocking of the drains by 
stones, sticks, rags, etc., and that a whole-time sweeper 
(halalkhor) must be engaged to flush and clean the basins ; 
and the form of wacer-closet most suitable is the trough with 
automatic flush tank and inspection chambers. The blocking 
of the drains and water-closets with stones, sticks, rags, 
&c., must be guarded against by warning the people and by 
supervision and by provision of proper inspection chambers. 

The supposed danger of sewer air entering the house is 
over-estimated. In a locality particularly where the 
water-closets are on the ground-floor, or detached from the 
dwelling, no such danger is to be apprehended. 

A properly laid water-closet system affords no such danger 
as long as the water supply is sufflcient and the traps and 
ventilation shafts, soil pipes and inspection chambers are 
kept in order. The hand labour of removal of night-soil is 
done away with and the sewage is carried away at once. 

The advice, then, on the question before us is that, for the 
reasons given, a system of underground drainage properly 
constructed would be suitable to these two cities. Public 
latrines and urinals should be provided on the water-carriage 
system. Water-closet should be provided for groups of 
houses with automatic flushing tanks and the waste water 
from baths and washing places used for flushing the drains. 

A certain number of pail depots should be provided to 
which night-soil can be conveyed from houses where water- 
closets cannot at once be installed. 

The narrowness of the lanes and the congestion of the 
houses iu the town proper naturally constitute a difiiculty 
in dealing wnth the question of adopting any system of 
drainage, but there seems no immediate prospect of a scheme 
for widening these lanes. Looking at the present condition 
we are distinctly of opinion that the underground system 
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properly devised aiid carried out would be an improvement 
on tbe present arrangement. 

On going over tbe different scbemes, it will be seen that 
drains of varying dimensions can be brought up to within a 
few feet of most of the houses. Inspection chambers, man- 
holes and flushing tanks should be provided and the con- 
nection of privies could then be made. 

The Cost . — Although the question of cost may be outside 
the sphere of the ordinary sanitary student 'in England, 
unless he be surveyor or sanitary engineer or builder, 
this is a very important factor in India and one that delays 
improvements ; every one interested in sanitation should, 
have, therefore, some idea of the subject so as to guide 
him in advising on any particular scheme. 

Much depends on the geographical position of the locality, 
the gradient, distance, depth of sewer, nature of soil. 

In one case a scheme for draining a town may cost Es. 10 
per head of population, while in another it may be Es. 20 or 
more. In England the cost (pre-war) of a complete sewage 
system and disposal of sewage was £1 per head of the popula- 
tion. 

The cost of installing a water-closet will be from Es. 750 to 
Es. 1,000 including tanks, cisterns, connection, &c., complete. 

Tbe cost of a house connection varies with the width of 
the road and depth of sewer. In the case of a street 30 
feet wide with a sewer 6 feet deep, each connection will cost 
about Es. 70. 

The expense, if borne by the landlord of small houses in 
ordinary towns in India, is very high compared with the value 
. of his property ; and the cost of installing water-closets 
or converting privies into water-closets and making house 
connections should be shared by the Municipality and the 
landlord either by financial aid, loans or by spreading the 
payment over a period of time ; every inducement should 
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be ofiered. In many of tbe large towns in England, the 
alteration of the old privy midden or pail into water-closets 
has been carried out, in this way. 

As already pointed out, it will be some time before the 
open drainage system and the discharge of sullage on to 
the sullage ground and the trenching of night-soil caii! be 
done away with, but the tendency of sanitary engineering 
in India is towards that end. The general arrangement of 
houses in the' thickly populated towns and the distance 
between bungalows in the wealthiest parts render this costly, 
but it can be done by degrees. 

To briefly summarize ; — 

The water supply should be increased to 25 gallons 
per head per day as a minimum. 

The out-fall on which the sewage is to be discharged 
should be acquired and properly laid out for a bio- 
logical installation and effluent to discharge on the land . 

The town proper should be drained and sewered. 

Public latrines and urinals on the water-closet system 
should be provided and trough water-closets installed 
for groups of houses. 

By-laws and regulations should be drawn up for the 
control of water-closets for private houses. 

Financial assistance should be given to the landlord 
to provide water-closets and house connections. 

Storm-water drains should be provided according to 
the rainfall and position of the locality, bearing in 
mind the prevention of mosquito-breeding places. 

Bombay. 

Bombay is the most sewered city in the Bast, that is to 
say, it has more sewers and more houses connected to the 
sewer and more water-closets. 
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At the same time there are a few houses with the old 
privy basket system ; the basket is emptied twice daily and 
the contents discharged into the sewer at the pail depot. 
Between rows of houses a narrow sweeper’s passage exists 
ranging from 1 foot to 5 feet wide. Houses of four and five 
stories abut on these passages, the living rooms opening on 
to them. The only ventilation many of the rooms have is 
from the filthy passages. 

In Bombay, for conservancy purposes, 2 lbs. per head 
per day is the amount of night-soil estimated to be removed 
from the houses where privy receptacles are used, inclusive 
of ablution water and urine, much of the latter escaping 
into the open drains. 

The halalkhor or sweexDer or bhangi is an institution 
of troxfical climates. 



sweeper’s gully with basket privies and open drains. 

In sewered towns where water-closets are not general 
and where the houses are not all connected with the sewer, 
as in some parts of Bombay, the night-soil is collected by 
the halalkhor man or woman, from the privy receptacle. 
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■outside or inside the house, situated chiefly in a passage 
between two houses ; or it may be a commode in a bung- 
alow or a public latrine in the street. The privy receptacle 
is made of basket work or iron and holds about 15 lbs. of 
excreta ; it is placed on the ground-level in a trap or 
compartment. 

The halalkhor basket holds roughly about 40 lbs. and 
when full is carried on the head some distance, varying from 
a few yards to a mile or more, and there deposited in the 
depot connected with the sewers. The number of trips made 
by the halalkhor varies with the distance he has to travel 
to the depot. 

In streets, where the houses are close together, one man 
can collect and convey the contents of 30 privy receptacles ; 
3 receptacles go to a basket load. One receptacle may have 
to receive the excreta from 4 or 5 seats, according to the 
height and nature of the house, as the seats are placed one 
above the other in buildings of 4 and 5 storeys, and 1 seat 
is considered sufficient for 20 persons. In Bombay it is 
found that one man can make 8 trips of a mile each way, 
between 6 and 9 a.m, and 3 and 4 p.m. carrying 40 lbs. of 
night-soil, the work being estimated thus : — 

In a temperate climate an average day’s work is calculated 
to be 300 foot-tons, 

A man weighing 150 lbs., and walking 17 miles on a 
level road at 3 miles an hour does 300 foot-tons. 

A halalkhor weighing 120 lbs. carrying 40 lbs. on his 
head, and making 8 trips in the morning and afternoon of 
I a mile each way per trip, would do about 150 foot-tons.. 

Let W— -weight of man. 

Wl=-weight carried. 

D=the distance walkedin feet. 

' O=co-efficient of traction at 3 miles an hour. 

Then (W-PWI) X D ■ . , 

X C=Poot tons of work done. 

■ 2,240 


■r 





I. 
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One man can tlins remove tlie contents of 30 receptacles 
making 8 trips of a mile per day. 

In Bombay City, the sweepers or halalkhors attending 
the privies number about 750 men and women. They 
muster at 5-30 A.M., and then go round their respective 
beats collecting the night-soil from the privy receptacles into 
their baskets. After emptying each of the receptacles into 
the basket, the privy trap is washed out, if water is available 
or swept with a broom. The loaded basket is taken to the 
nearest pail-depot where the contents are discharged into a 
hopper connected with the sewer and the basket washed 
with water. The trips are repeated till the work in the 
beat is completed, each trip being marked in a depot-slip 
by the trip-marker. In the afternoon, the same practice is 
gone through. If the work of the sweepers is not supervised 
and checked they will scamp it either by making false trips 
or by depositing the night-soil in the open drains. That the 
system is one of the greatest evils in the City cannot be 
denied. It costs in wages alone Es. 2,16,000 per annum 
without counting the cost of housing the sweepers. 

In districts which are not sewered, the same procedure 
is gone through, the halalkhors emptying their baskets in 
a night-soil cart which removes the night-soil to the Depot. 

In addition, urine and ablution water are collected in 
a cess-pool and removed by a cess-pool cart or a vacuum 
cess-pool emptier to the Depot. 

The capacity of a cess-pool cart is 32 cubic feet and it 
holds 200 gallons of cess-pool contents. On an average 
there are 25 privy cess-pools to each cart and the average 
number of trips made by a cart is three for the whole day. 
The average capacity of each cess-pool is 25 cubic ft!et, but 
this varies according to the district. Each cess-pool is 
usually emptied once in three days. 

The vacuum cess-pool emptiers carry tanks holding 
800 to 1,000 gallons and their ■ introduction has been found 
tO;be both beneheial. and economical. 
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On tliese lorries, a small combined air and vacuum 
pump is operated from the engine. Tbe operation is expe^ 
ditious and thorough. The emptier moves from cess-pool 
to cess-pool until the tank is filled and then proceeds to the 
Depot where the contents are discharged under air-pressure 
which operation is completed within a couple of minutes. 

The average number of trips made by each emptier in 
a shift of 8 hours is six and about 100 cess-pools are allotted 
to each emptier. 



The Cesspool Lorey at Work, 

The cleansing of house drains, and waste water pipes in Bombay . — The 
Health Department undertakes this work, instead of reporting clicked 
drains to the Drainage Department. The work falls under the head of 
conservancy work, while at the same- time it is an important part of the 
Sanitary Inspector’s work as it is intimately connected with the sanitary 
arrangements of houses, a subject which the Sanitary Inspector is daily 
engaged on. All Sanitary Inspectors are expected to make it their duty to 
report on any defect in house drainage connections and assist the Con- 
servancy Assistant Supervisors in respect to house drainage. The duties 
of the Conservancy Assistant Supervisors and Overseers are to supervise 
the cleansing of house drains and waste water pipes, and the opening of 
the same to remove chokes when necessary, and to serve notices on the 
landlords and recover expenses. Their duties do not cease here, as, in. 
order to prevent daily chokes in drains, gully traps and waste water pipes,. 
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constant supervision of all gully traps and drains is required and this 
includes the work of the mukadums, halalkhors, sweepers, begaris, plunger- 
men, and the throwing of kutchra from windows, and for this purpose they 
can call in the assistance of any of the Conservancy staff. The Overseers 
and mukadams especially, must be made to understand that they are to 
pay particular attention to the gullies and the way they are cleaned and 
to report chokes. The Conservancy Assistant Supervisor and Overseers 
will have frequent opportunities of noticing how the work of the halalkhors 
and sweepers is done, as in preventing chokes in drains much depends on 
the way the work is carried out. 

The ordinary daily routine work is to inspect choked drains which 
have been reported and entered in the book kept at their office and start 
the work of removing chokes and to proceed on a tour of inspection in their 
division. If the block cannot be removed at once, notice must be served 
on the owners. Any drains found choked are to be noted and cleaned 
and the name of the mukadam of the particular section is to be taken 
down and entered in a book for reference, and inquiry made as to why the 
choke was not reported by him. When the house drain is free and the 
block occurs in the street connection, immediate notice is to he sent to 
the nearest Drainage Department office and confirmed afterwards by 
written intimation, copies of which should be kept in the usual vray. All 
reports of choked or defective drains should be sent at once to the 
Assistant Supervisor’s office, entered in a book and attended to daily by 
the Assistant Supervisor. The Supermsor must see this book daily, sign 
it and send it to the Head Supervisor’. 

Books of Notices under Sections 260 and 257 are supplied to the Head 
Supervisor and notice under Section 260 must be sent to the Commissioner 
for signature when required. 

In Bombay the following general standard is laid down 
for tbe provision of water-closets or privies : — 

In Dwelling Houses . — One seat for every 5 rooms 
occupied as separate tenements. 

In Cinemas . — One seat for every 400 persona or less 
and one seat of urinal for every 200 persona or less. 

In Theatres . — One seat for every 200 persons or less 
and one urinal for every 200 persons or less. One 
seat sbonld be reserved for females. 

In Schools .— Chapter XIII (p. 1042). 

In Factories . — (See p. 1197). 
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The requirements in London are : — 

In Dwelling Houses . — One W. C. for 12 persons. 

In TForMops.— One W. C. for 25 persons upto the 
first 100 and after that one for every 40. The 
"workshop regulations take into account the fact 
that workers also use the W. C. in their homes. 

Sewage Disposal in Bombaij : — The greater part of the 
sewage of the city is discharged directly into the sea, while 
only a small part is subjected to biological and other methods 
of treatment. The sewage from the difierent parts flows 
in the large-sized concrete sewers towards the pumping 
station situated at Love Grove on the west coast of the island. 
The flow is mostly by gravitation, but in certain places where 
proper gradients are not possible owing to low-lying parts of 
the districts the sewage is lifted up by means of Shone System. 

The sewage which drains into the pumping station is 
pumped into the sea and , is carried into the sea water by 
two 6-ft. outfall sewers which are taken to a distance of 2 000 
ft. from the shore. The pumping is continuous at all states 
of the tide and the number of pumps working depends upon 
the quantity of sewage draining into the pumping station. 

Colaba, Mazagaon, Parel, Chinchpokli and Malabar 
Hill districts, as also the Agripada Estate are on the Shone 
System with 18 ejectors working in different parts in these 
districts. The motive power for these ejectors, viz., com- 
pressed air, is drawn from the central air-compression stations 
situated at suitable places. 

The biological method practised for a part of the Malabar 
Hill district is the septic tank method. The sewage after 
being screened and the detritus allowed to settle, is passed 
into a closed tank, the capacity of which is enough to hold 
the 24 hours’ flow. The effluent is passed on aeration beds 
of roadmetal, where contact is allowed for some hours. The 
purified effluent is discharged at low tides into the sea directly 
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which is close by and which is kept out from the beds by 
means of a high wall. The system works quite efficiently 
and there is no nuisance in the neighbourhood. 

The sewage of the Leper Asylum at Matimga is also 
treated by the septic tank method and the effluent is utilised 
on land for cultivation of grass and vegetables. 

A third method followed in Bombay is to treat the 
sewage wnth chlorine gas. The sewage of the Dadar Colony 
is treated in this manner and it is discharged subsequently 
into the Bandra Creek. It is doubtful whether this method 
is sound in principle. Chlorine may oxidise the gases of 
sewage, but the organic matter present will decompose later 
and produce nuisance at a certain distance from the point 
of discharge. 

Glossary of Technical Terms. 

Aerobic. — “Living in contact with air.” The term is applied to 
certain micro-organisms which live preferably in the presence of atmos- 
pheric oxygen and oxidize the ammonia in sewage into nitrites and nitra- 
tes. Aerobes are divided into facultative and obligate aerobes : the for- 
mer can live in the absence of oxygen, the latter are unable to do so. 

Anaerobic. — “ Living without air.” The term is applied to certain 
micro-organisms which live preferably without air, and reduce the organic 
matter in sewage, thus preparing it for treatment by aerobic bacteria. 

Anti'Siphonage Pipe. — ^The term given to a small pipe which 
supplies air to siphons and traps, and prevents their being untrapped by 
a partial vacuum being formed through a sudden rush of water falling 
in a pipe to which the siphon or trajj is connected. 

Bacteria. — Bacteria is a generic term applied to a number of minute 
unicellular organisms belonging to the vegetable kingdom w'hich 
miiltiply by fusion only. In this book the word bacteria is u.sed generally 
to include micrococci and other members of this family. 

Catcll-Pit — A chamber built below the level of the invert of a sewer, 
in which the velocity of flow is reduced so as to collect such heavy deposit 
as may be in the sewage. 

Conservancy System. — A sy.stem in which the fgeces and urine 
are collected from privies and latrines by manual labour. 

Combined System. — The name given to the system of sewerage 
in Avhich the conduits are constructed for the double purpose of receiving 
both sewage and surface water. 
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Configuration. — The external aspect or contour of the land or 
district. 

Datum — Some fact or quantity granted or known from which other 
facts or quantities axe calculated, e.g., a certain step at the Town Hall 
Bombay, is assumed to be 100 feet above an imaginary plane for the 
purpose of calculating other levels in the City. 

Dhapa. — A slab of stone used for covering or spanning a masonry 
drain. 

Disk-Valve. — A circular sliding iron door -used for closing a pipe 


Domestic Sewage. — The sewage derived from the habitations of 
men and boasts in contradistinction to that derived from factories. 

Gasket. — A thin twisted or plaited rope put first into the joints or 
pipes to prevent the cementing materials from j)assing into the pipes. 

Gradient. — The name given in sanitary engmeering to the inclina- 
tion or slope of a pipe or conduit : the vertical fall divided by the horizontal 
distance. 

Grout — Cement mixed with water to the consistency of cream. 

Inlet — The term applied to the higher or uirper end of a pipe or 
conduit. 

Intercepting Trap. — ^Atrap or siphon placed on a house drain 
between the sewer and the house to intercept and prevent gas from the 
former passing up the drain or into the house. 

Invert — ^The name given to the lowest portion of a sewer, pipe or 
drain. 

Jump-weir. — A name given to an arrangement made at the street 
end of a house-gully, which permits of a small flow of sullage from the 
gully to fall into a trap in connection with the house drain, but allows 
of a greater flow of surface water to pass over and discharge into a drain 
set apart for the purpose. 

Liquefying Tank — tank in which the organic sewage matter is 
broken up or liquefied by bacteria. 

Lamp-hole.— An inspection shaft over sewers down which a lamp 
may be lowered. 

Manhole,— A masonry chamber, with a heavy cast-iron cover, built 
on a sewer or drain, through which it is possible to enter and have access 
to the sewer or drain for cleaning and inspection purposes. 

Hydraulic Mean Depth. — This is equal to the sectional area of the 
current of fluid, divided by the wetted perimeter. In the case of 
circular sewers flowing full or half, it is a quarter of the diameter. 

Outfall. — The point where sewers empty themselves. 
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Outlet. — The lowest end of a sewer or conduit or the end through 
which the sewage is discharged from a manhole, tank, etc. 

Ovoid. — A term used to describe sewer built in the shai^e of an egg. 

Oxidation. — term used in sewage purification to denote the 
final change which takes place in destroying organic matter : the addition 
of oxygen to the effluent by the admission of air to the latter. 

Pathogenic — The name given to a class of organisms -wliich, when 
introduced into the body, give rise to disease (Pathogenic— Disease- 
producing). 

Prestock. — A gate usually made of iron and built into the body, so 
that it can be raised or lowered at will in controlling the discharge of 
sewage or water. 

Plumb — Vertical, or straight. 

Precipitation. — The procc.ss by wliich a substance held in suspen- 
sion in a liquid is made to sejiarato from another or other’s and fall to 
the bottom. 

Puddle. — Clay worked up by being mixed with water to a ifiastic 
■or sticking condition. 

Rubble. — Rough ir’regular stones used in coariso masonry or to 
fill up the interval between the facing coarses of masonry. 

Scraper or Shield. — An appliance used in cleaning an ovoid 
sewer and made in the shape of the sewer rvith a portion of the bottom or 
the toj) cut off ; when inserted in the server it heads up the sewage by 
contracting the area of the flow, which is consequently accelerated and 
facilitates cleaning by softening the deposit. 

Seal. — The depth of contained rvater in a trap which prevents the 
free jiassage of air or gas through it. 

Sectional System. — The name given to the system of sewerage 
in which a district is divided into sections, each of which has sewers 
gravitating to one point within it. 

Separate System. — The name given to a system of sewerage, 
in which there are different conduits for storm-water and sewage. 

Septic. — A term denoting the jiromotion of putrefaction. 

Shored. — ^Propped or supported by timber. 

Silt. — A term given to the deposit of solid matter found in sewers and 
drains. 

Siphon — ^A bent tube whose legs are of unequal length, used for 
drawing liquid out of a vessel, the shorter leg being inserted in the liquid 
and the larger hanging down outside ; when the air is sucked from the 
tube the pressure of the atmosphere causes the liquid to rise in it and 
flow over. 
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Sludge — Soft mud : the term applied to the deposit in biological 
tanks and filters. 

Socket. — The opening at the end of a pipe generally enlarged into 
which is inserted the end of another pipe to make a joint. See “ Spigot.” 

Spigot. — The end of a pipe which is inserted in to the enlarged end of 
another pipe to make a joint. 

Sterilization. — By the expression “ sterilization of any substance ” 
is meant destruction or removal of all germs and their spores contained in 
or on such substance. 

Sub-Soil. — The beds which lie below the surface soil. 

Tidal Flap.— A door attached to a sewer at a manhole, by which 
the sewage may be retained in the sewer for flushing purposes (properly 
a gate used to exclude tidal water). 

Trapped, — So formed as to hold a depth of water sufficient to 
prevent the free passage of air or gas. 

Urban. — That part of a large city or town which has been fully built 
upon. 

Water Gully. — A trapped receptacle through which the surface 
water from the road flows into an underground drain. 

Water Tables. — ^Flat dressed stones fixed at the sides of a road 
over which the surface water from the road flows to the water gully or 
drain. 

Wetted Perimeter. — ^The length (measured at right angles to the 
flow) of such parts of the sides and bottom of a conduit or channel as are 
in contact with the liquid. 

Windsail. — A tube or funnel of canvas used to convey air into 
sewers or drains. 
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CHAPTER IV. 

Water. 

Water is a prime necessity of life. It assists in the 
building up of tissues, in the elimination of waste materials from 
the body and in regulating the temperature of the body under 
varying conditions of heat. It is composed of two elements, 
hydrogen and oxygen, in the proportion of two of the former 
by volume to one of the latter. Pure water should be 
clear, transparent, tasteless and odourless, and, when viewed 
in small quantities, perfectly colourless. When seen in buUc, 
however, it possesses a greenish blue colour. Practically 
speaking, water is incompressible, but the volume of any 
given weight varies largely with the temperature. 

As a general rule, fluids at all temperatures between their 
freezing and boiling points expand when heated and contract 
when cooled, but water is an exception to this rule, as in 
freezing it expands about -Ath of its volume. Its maximum 
density is at 4° C. and if cooled below or heated above that 
temperature, it expands. The standard density of water is 
fixed at 4° C. in France, and at 60“ F. in England. 

The freezing point of water is 0° C., or 32“ F., but if many 
salts are present, the freezing ];)oint is lowered and the boiling 
point raised, the water moreover having a higher density than 
ordinary water. In freezing it becomes purer, as it loses some 
of its saline constituents and air ; ice water, therefore, is badly 
aerated and heavy. Water boils at 100“ C. or 212“ F. at the 
ordinary barometric pressure, but if the pressure be reduced, 
e.g., by ascending a mountam, or by placing water under an 
air-tight globe the pressure of air in which is reduced by an 
ah exhaust pump, it will boil at a lower temperature and can 
even be made to boil at the ordinary temperature of the room 
if the pressure of the air in the globe be reduced sufficiently. 

Water evaporates invisibly at all temperatures, the 
amount being influenced by various factors, to which reference 
will be made later. It is a remarkable solvent, readily 
17 
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dissolving gases and solids from the air and soil. This is a 
most important fact necessitating precautions in a public or 
private supply. Oxygen, nitrogen, ammonia, hydrochloric acid 
carbonic acid, etc., are easily absorbed. In addition to this 
property, it may hold in suspension mineral matters such as 
clay and sand, and also organic matter, e.g., the lower forms of 
animal and vegetable life ; finally, water may dissolve certain 
metals, e.y., lead, iron, zinc. 

When bodies pass from the solid into the liquid state, or 
from the liquid into the gaseous, a large quantity of heat is 
absorbed or rendered latent : thus water at 0°C. equals ice 
at 0°C. plus the latent heat of liquefaction. For example, if 
equal weights of water, one at 0° C. and the other at 100°C. 
be mixed, the mixture will have a temperature of 50° C., but 
if equal weights of ice and water, the former at 0° C, and the 
latter at 100° 0. be mixed, the mixture has a temperature of 
10- 6° G. only. So also steam at 100° C. equals water at 100°G 
plus the latent heat of vaporization, and to convert water, say 
one pound of it, at 100° C. into steam at 100° 0., as much heat 
is required as would raise 965-7 lbs. of water one degree. 

Water has a greater latent heat than any other substance, 
t.e., more heat is spent in rendering a given quantity of ice 
liquid than in liquefying a similar quantity of anything else. 
These factors have a great influence in checking excessive 
evaporation and the too ready freezing of lakes. Water has 
a high capacity for heat but is a poor conductor of it. The 
term speci/tc heat means the amount of heat required to raise 
a unit mass of a body through one degree in temperature. 
In England the standard is one pound of a substance through 
1° F. In France it is one kilogramme of ice cold water through 
one degree G. Weight for weight, water will absorb more 
heat than any other substance for the same rise of tempera- 
ture. The specific heat of a substance is generally greater 
when liquid than when solid or gaseous, e.g. ice has only half 
the specific heat of water. The latter increases with its 
temperature. The specific heat of a perfect gas does not 
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vary with its temperature or its density. For a large number 
of simple substances, the specific heat of equal weights is 
inversely proportionate to the atomic weight. In regard to 
solids, the specific heat is greater at a high temperature than 
at a low one, except in the case of platinum. 

Sources of Supply. 

Natural waters may be classified as follows : — (1) raiu 
water ; (2) surface waters, e.g., rivers, streams, lakes and. 
ponds ; (3) sub-soil waters, e.g., springs and wells. From? 
whatever source, however, the water supply comes, it is 
ultimately dependent for replenishment on the ramfalh 

Rain Water. 

For any given temperature, air will hold only a certain 
quantity of aqueous vapour or moisture ; the higher the tem- 
perature of the air the greater will be the amount of vapour 
it will hold, and when it contains its greatest possible amount 
it is said to be saturated. Now, if air laden with moisture be 
cooled, a point will be ultimately reached 'when the atmos- 
phere contains as much moisture as it can retain at that tem- 
perature, and if the latter be still further reduced, the 
surplus moisture is deposited as rain, mist, snow or dew and 
the temperature a t which this deposition occurs is called the 
dew-pomt. 

Rain water carefully collected, far from aggregations of 
population, is generally a very pure water, being as a rule 
soft and well aerated. Near towns it carries down "with it 
iriany impurities, especially in the earlier portions of a down- 
pour. Near large towns where coal fires are abundant, one 
may find in it traces of ammonium carbonate, nitrite and 
nitrate, and also nitrous and nitric acids and sulphurous and 
sulphuric acids, but as a rule free acids are not found in the 
absence of factories and large collections of private houses 
consummg coal. Angus Smith states that the sulphates 
increase in amount as we pass inland before large towns are 
reached, and that they are due to the sulphur in the coal 
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consumed. He further states that the salts of ammonium in- 
crease in amount as towns increase ; they come partly from 
coal and partly from decomposed organic substances. In the 
neighbourhood of the sea coast, rain carries down with it 
sodium chloride or common salt and also sulphates derived 
from the sea. As it nears the earth’s surface, rain absorbs 
organic matter and carries with it many bacteria in suspen- 
sion, as well as pollen, spores of fungi, minute particles of 
straw, hair, animal excrement, and sand, etc. On account of 
the ammonia present, the bacteria are apt to multiply rapid- 
ly ; consequently, when rain water is required for internal use 
it should always be filtered first. 

There are certain objections to the use of rain water 
as a source of domestic supply, among which may be 
mentioned; — 1. Its uncertainty. 2. The prolonged dry season 
experienced by some countries— this involves a very large 
reservoir. 3. Eain water is not very palatable, and 4. 
Lastly much depends on where the rain falls, e.g., if it falls 
on to a roof, it may be contaminated owing to soot, dust, 
decaying vegetable matter and the excrement of birds. 

In favour of rain water is the fact that, in general, it is 
very pure and it is well aerated and soft. If it is used as a 
source of supply for a household, it must be remembered that 
near manufacturing towns its reaction is frequently acid and 
it may therefore act on certain metals in consequence of 
which fact it should not be stored in lead, iron, zinc, or galva- 
nised iron tanks. Slate tanks with cement joints should be 
used, or, if the storage is on a small scale only, earthenware 
cisterns are good. Very large tanks should be of brick, lined 
with hydraulic cement and every precaution must be taken to 
prevent the entrance of surface or sub-soil water and also the 
earlier portion of the ramfall, as this is usually foul from hav- 
ing washed the air and also the collecting surface. If the 
water is to be used for driolcmg purposes, it must first be filter- 
ed. In Great Britain rain water is generally less pure than 
water from a deep w^ell or spring because of the large amount 
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of smoke, effluvia, excremental dust and products tf animal 
and vegetable decay, etc. Where rain water is stored for 
domestic use, rain water separators can be fixed to the rain 
water downtake pipe. They allow the earlier portions of the 
rainfall to flow away, but after a time, by an ingenious valve 
working on a pivot and actuated by the rainfall itself, the water 
is diverted into another pipe and passes to the storage cistern. 

Part of the total rainfall that occurs is evaporated 
igain from the surface, part flows along to form rivers and 
lakes, and the third portion sinks into the soil vertically or 
obliquely through fissures or pores until it reaches an im- 
pervious stratum, and then either finds its way laterally to 
the surface in the form of springs or accumulates in the porous 
strata overlying the impervious layer, where it may be reached 
by sinking wells. 

The amount which sinks in depends on many circum- 
stances, e.g., the nature of the soil — ^in sand and gravel about 
90 per cent., in challc 40 per cent., in limestone 20 per cent., 
and in clay none. Further, obviously the proportion which 
sinks in is less in hilly districts where the water flows away 
freely. In winter a larger amount runs off the surface by 
gravitation than in summer, when by reason of the increased 
temperature evaporation is larger and the absorbent proper- 
ties of the earth somewhat greater. 

Experiments carried out by Tudsbery and others over a 
period of 14 years gave the following results as regards loss 
by evaporation. 

The evaporation from the surface of water exceeded the 
rainfall in 3 out of the 14 years. The average results of the 
14 years were ; — 

Evaporation. 

^ K 

Rainfall. Soil. Sand. Water. 

25.7 18.1 4.3 20.6 

The small amount of evaporation from sand presents a 
marked contrast to that from the less permeable soil. 
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ThrSuglioiit tlie year tlie average evaporation from roofs 
may be taken as 20 to 25 per cent, of tbe rainfall, being 
greatest where the rainfall is least. 

The loss by evaporation from lakes providing water to 
Bombay City during the 8 months of the dry season may be 
taken as under : — 


Vehar Ij'IOO Million gallons. 

Tulsi 250 

Tansa 5,200 ,, 


and for the remaining 4 months of the year, one may reckon 
an additional loss of 25 per cent, of the above. 

The average rainfall in Great Britain is about 30 inches. 
In certain parts of Assam, it is over 400 inches. At 
Mahableshwar, Bombay Presidency, it is over 260 inches; 
whereas in certain other parts of the world, rain seldoin if 
ever falls, e.^., in the Sahara and in parts of the interior of 
Australia. 

We may assume that about a-j, of the actual average 
rainfall is available for storage, as a certain amount sinlcs 
into the. ground — ^the exact amount, varying with the 
rapidity of the rainfall, the compactness or porosity of the 
soil, the steepness or flatness of the ground, the nature and 
quantity of vegetation upon it, and the existence or 
otherwise of artificial drains. A certain amount also is 
lost by evaporation, the degree of which depends much bn the 
temperature of the air, its dryness and rate of movement. 

The following data in connection with rainfall may be 
of use to the Inspector to remember ; — 

(1) That one inch of rain represents about 101 tons of water per 
acre, i.fi., about 4.07 gallons per square yard. 

(2) Tbe following formula may be used to calculate the amount 
of water given by rain, when the amount of rainfall and tbe area of tbe 
collecting surface are known : — 

Area in square feet X 144 X rainfall in inches. 

1,728. 

and one cubic foot of water=6.23 gallons. 


-= cubic feet. 
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In calculating the receiving surface of the roof of a housfe, we must 
not take into account the slope of the roof hut merely ascertain the area 
of the flat space actually covered by the roof. 

(a) Area of roof in square feet X J rainfall in inches =gallons per 

year. Or 

Inches of rainfall X 2,323,200 ==c.ft, per square mile, 

,, X 1 4 million gallons per square mile. 

,, X 3,630=c.ft. per acre. 

1 gall.=0.16c.ft.=101bs. 

(b) area of roof in square feet x rainfall in feet=cubic feet of water, 

e.g . — roof space 55 square feet per head, 

rainfall 27 inches =2-|- feet, 

then 55 x 2-1=124 cubic feet, 

deduct 25 for evaporation =99 cubic feet, 

and 99 X 6 •23=gallons 617 per head per year. 

Surface WatervS — Eivers, Streams and Lakes. 

Rain falling on Mils and cultivated and uncultivated 
lands in part goes to form lakes and rivers. As a rule surface 
water contains more dissolved matter tkan rain water. 
It is soft and tlie organic matters present are cMefly of vege- 
table origin. The chlorine present is low in amount ; am- 
monia, nitrates and nitrites are generally absent except in 
such quantities as may be found in rain water, but if the sur- 
face water has come from cultivated lands which have been 
manured, then nitrates and nitrites may be present in consider- 
able amounts. So also chlorides, if men or animals live 
on the collecting area. 

Moorland waters may contain much peaty matter, some- 
times in sufficient amount to cause diarrhoea in the con- 
sumers ; moreover, due probably to the presence of certain 
acids, such water may give rise to lead poisoning if the dis- 
tributing pipes are of that metal. 

If the surface water has passed over calcareous soil, it 
may possess a considerable degree of hardness. As a general 
rule, upland surface waters are good and safe to drink and 
good for trade purposes. 

River waters are derived in part from springs, in part 
from subsoil water and in part from surface waters. Snow, 
ice and floods influence rivers greatly. 
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The dissolved solids vary less than in spring water. They 
rarely exceed 30 to 40 parts per 100,000. As the water is 
derived from so many different sources, it is easy to under- 
stand that the different rivers vary in composition very great- 
ly and the same river even in the various portions of its route. 
This depends largely on the tributaries, which may arise 
in areas of vastly different geological formations to the mam 
stream. The dissolved organic matter is greater than in 
spring water, due to the influence of the surface water con- 
tribution ; this may come from cultivated manured lands or 
from farmsteads, etc. Also in times of flood, much impurity 
of both animal and vegetable origin may gain access to the 
river. Further, when a river passes through a more or less 
thickly populated area, it receives a great amount of pollu- 
tion &om household refuse and from factories, etc. Mining 
operations, especially lead mines, are often the source of much 
pollution. 

In the tropics where rivers frequently become completely 
or partially dried up during the dry season, there is a great 
risk of the bed of the stream becoming very foul from human 
and animal excrement and from the refuse matter of villages 
on its banks. 

In India and certain other countries, where sacred cities 
are to be found on the banks of certain rivers, there is an 
added risk in drinking water derived from such a source, 
owing to the custom prevalent amongst the people, of bath- 
ing in vast crowds in the river, and rinsing their mouths 
with the same water in which their ablutions are performed 
while others go the length of drinking the same water. Very 
large numbers of pilgrims annually frequent these places and, 
as Cholera is a most usual accompaniment of any gathering 
of people in India and the East in general, it is not difficult to 
understand that Cholera may be readily disseminated 
by such practices. Examples of this are seen frequently at 
Nasik and Pandharpur resulting in the subsequent infection 
of Bombay through imported cases. 
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Generally speaking, tlie water of a river in tke lower part 
of its course is less hard and more saline than the water of 
its upper tributaries, because the chalk held in solution by 
CO 2 is deposited owing to the CO^ escaping into the air in the 
course of the river’s flow. 

SELF-PURIFICATION OF STREAMS. 

It was formerly supposed that streams during their 
course are purified to the extent of being suitable for potable 
purposes. There is no doubt that to a great extent there is 
self-purification of water in streams but the purification is 
not complete, and to permit the use of such water without 
ensuring complete sterilization is not to be recommended. 

There are various factors which contribute to the natural 
self-purification of streams, (a) Physical, (6) Chemical, (c) 
Biological. 

Physical. 

Sunlight — Sunlight has the power of exerting a germicidal 
effect on waters but the degree of penetration of the sunrays 
will depend on the turbidity and colour of the water, the direc- 
tion of the sunrays, the depth of the water and other factors. 

Dilution. — If a certain amount of sewage containing 
pathogenic bacilli is introduced into a stream, it is diluted 
several millions times by the abundance of water in it. 
Owing to the great dilution the possibilities of receiving a 
single bacillus in a glass of water are mathematically very 
remote. Moreover pathogenic bacteria do not survive more 
than a few days in water. 

Sedimentation. — Sedimentation is constantly taking 
place specially in slow moving streams, containing insoluble 
inorganic particles such as clay. CoUoidal organic matter 
and inorganic particles in the slow process of sedimentation 
gradually purify the water by entangling various bacteria 
and carrying them to the bottom where they die. 
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Chemical. 

Olganic matter is gradually being oxidised by aerobic 
bacteria in running streams, and analysis of the water will 
reveal a dimunition in the organic matter and an increase in 
nitrates, to which organic matter is finally oxidised. 

Biological. 

Minute animals, e.g , amoeb®, infusorise, &c., wdiich are 
present in water in large numbers live on bacteria and organic 
matter and help to purify the water. Various algae and 
lower forms of vegetable life also purify the water by living 
on the organic and inorganic matters. 

Eiver water contains ; — 

1. Suspended matters of mineral, vegetable and animal 
origin. 2. Dissolved gases — nitrogen, carbon dioxide, and 
sometimes sulphuretted hydrogen. 3, Dissolved solids — 
lime, magnesia, soda and potash, iron and aluminium in combi- 
nation with chlorine, sulphuric, carbonic, phosphoric, nitrous 
and nitric acids. 

The following is a very rough method of estimating the 
yield of a stream : — Take a part of the stream wdiere the chan- 
nel is more or less uniform in breadth and depth. Find the 
average of the breadth and depth in foin or five places. 
Find the mean velocity of the stream in feet per second ; this 
is usually about i the surface velocity and is ascertained by 
noting the length of time taken by a float in mid-stream to 
traverse a given length of the river. Now multiply the 
product of the average breadth and depth by the mean 
velocity and the result is the flow in cubic feet per second ; 
and cubic feet X 6 • 23 = gallons of water. 

Lake water is wrater which, owing to the configuration of 
the country-side, has accumulated in such quantities as to 
form a considerable collection. Sprifigs may also contribute 
a share in their formation. The water is usually soft and free 
from animal impurities but may contain vegetable organic 
matter. 
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SuB-soiL Waters — (1) Springs and (2) Wells. 

(1) Springs or outflows of water from tlie earth are of two 
kiuds : — (a) Land Sjwings are formed by the percolation of 
water through superfi.cial porous soils such as sand, gravel or 
alluvial earth overlying an impervious stratum such as clay. 
If, when these two strata (the pervious and the impervious) 
come to the surface, the line of junction be tapped, a land 
spring is formed, as the impervious stratum below throws out 
the water from the pervious stratum above by hindering its 
further descent and causing it to flow out laterally. Such 
springs are usually found on the face of slopes ; they are 
uncertain and precarious as a source of water supply as 
their output depends on the extent of the available porous 
collecting area. They are replenished by heavy showers 
which do not affect deeper springs and wells ; in consequence, 
they are liable to become dry in prolonged dry periods. If 
the porous layer in one particular spot is situated too deep, 
a pocket may form and the level of the water in the 
pocket sink below the level of the outcrop in periods 
of drought and the spi'ing cease to yield until a prolonged 
raiufall occius. 

(&) Deep Scorings are those in which the source is the rain 
water percolating through great thickness of porous soil and 
collected between two impervious strata ; the presence 
of some fissure or fault in the overlying stratum permits of 
the water below it rising to the surface. Frequently, the 
actual collecting area is at some distance from the spring 
itself. Such springs are met with in chalk and greensand. 
As the water has generally been well filtered it is usually of 
great purity if siuface drainage is excluded. The water is 
sparkling and palatable. Deep springs are preferable to land 
springs on account of their greater constancy and less liabihty 
to pollution. The characters of the water vary with the 
source. Water from Devonian rock, mountain limestone, 
new red sandstone and chalk may be too hard for domestic 
purposes. The water of deep springs coming from very great 
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depths is at times of a high temperature. Such springs are 
called Thermal springs. 

(2) Wells are of two main varieties, shallow and deep. 
The distinction between them is differently interpreted by 
different people. Some term any well over 50 feet deep as a 
deep well, irrespective of the strata through which it is sunk, 
while others restrict the term to those wells only which pass 
through some impervious stratum to a water-bearing layer 
beneath. This latter definition is the one more generally 
accepted. 

Shallow Wells. 

A superficial or shallow well is a well which derives its 
water from a permeable stratum overlying an impermeable 
one, but not in itself overlaid by such. The water from such 
a source is always more or less suspicious and in many cases 
distinctly bad. For convenience, wells are often sunk in the 
immediate vicinity of habitations, stables, etc. In Bombay 
City there are many such wells sunk in the ground floor of 
houses. There are many sources of possible contamination, 
under the circumstances, usually associated with superficial 
wells, e.g., the ordinary impurities of the soil of towns, 
leaking drains, cesspools, middens, neglected basket privies, 
manure heaps of stables, pig styes, burial grounds and decay- 
ing vegetable and animal matter. The habit of performing 
personal ablutions and of cleansing garments at the mouth of 
insufficiently protected wells is also a source of risk. 

As the rain water penetrates the ground, it tends to descend 
until, sooner or later, it meets an impervious stratum which 
arrests its downward movement and tends to divert it later- 
ally, and as the sub-sofl. water steadily moves in the direction 
of its natural outflow depending on fall of the stratum in 
question, the location of any cesspool, stable, burial ground, 
etc., above the well must naturally lead to contamination of 
the latter, depending of course on the distance away and on 
the amount of demand made on the well and porosity of 
the soil in question. Another frequent source of possible 



Shallow Wells. 


269 


contamination is the custom of using private vessels to 
withdraw water from a well ; much pollution may thus be 
introduced by ignorant and careless people. 

The Koas or Moat system of drawing water from a well 
also leads to contamination of the water, owing to the amount 
of dirt which must necessarily adhere to the rope as the 
bullocks waU?: backwards up the incline leading to the well. 

Again, the custom of planting trees in such a position as 
to overhang wells results in pollution of the water by decaying 
vegetable and animal matter. 

The organic matter found in superficial well water is 
generally of animal origin. 'Water which has soaked through 
sand and gravel may be impure from contained ammonia, 
chlorides, nitrates and nitrites. 

It must always be remembered that the source of pollu- 
tion may be situated at some considerable distance from the 
well or spring. Leaking cesspools, manure steads, etc., 
may through faults in the strata, etc., discharge a portion 
of the contents into a well far away. There are various 
methods of detecting any suspected source such as this. 
Chemical substances are introduced at the suspected source 
and their presence in the well water is subsequently looked 
for, after having taken the precaution of ascertaining the 
presence or absence of these substances in the water prior to 
the experiment. Lithium chloride, flourescin and common 
salt are the substances most usually employed. The presence 
of hthium in the well water is ascertained by the spectroscope, 
that of salt by the silver nitrate test, and that of fluorescin 
by the fact that this substance gives a green fluorescence in 
the presence of an alkah. Dr. Beam of the Gordon College, 
Khartoum, has introduced a very delicate test for the 
shghtest trace of this substance. He found that the con- 
centrated water of the Nile was too highly coloured to permit 
of accurate observation under the method usually employed. 
His method is as follows : — Evaporate one or two litres of the 
water to small bulk and add a few drops of caustic soda and 
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then continue the evaporation to dryness over a water-bath. 
Now add 5 to 10 c. c. of absolute alcohol and heat the dish 
bringing the alcohol into contact with all parts of the water 
residue. The liquid is now passed through a small filter. In 
the absence of fluorescin, the alcohol remains perfectly colour- 
less, but if this substance is present, a distinct fluorescence is 
imparted. McCrae and Stock, experimenting in South Africa, 
placed fluorescin in the suspected area of contamination and 
pumped the neighbouring wells. They preferred a dark back- 
ground to detect the fluorescence. They noted that the water 
required to be concentrated before the test was successful ; 
further, that the addition of an alkali is essential, as the 
characteristic fluorescence is not seen in acid solution. The 
green colouration sometimes produced by iron must not be 
mistaken for that of fluorescin. 

Instead of chemicals, occasionally comparatively harmless 
species of bacteria are introduced for the same purpose, e.g., 
the bacillus prodigiosus, and its presence is subsequently 
sought for in the well or spring water, 

A well drains an area lilee an inverted cone, (the cone of 
filtration) the radius of which is equal to at least 4 times 
the depth of the well. If the well be too much drawn upon 
by pumping, then this area of drainage is greatly increased, 
thereby adding to the risk of tapping some source of conta- 
mination such as a cesspool, manure stead, etc., situated 
some considerable distance away. 

A sudden rise of ground water may cause direct communi- 
cation between a shallow well and a cesspool not previously 
tapped, . 

In peaty districts, the water from such a well may be 
brown due to vegetable matter. 

To roughly estimate the yield from a well, pump out 
the water as rapidly as possible and allow it to refill 
to its former level, noting the depth to which the water bad 
sunk and the time taken in refilling. The quantity of water 
brought in within the time noted, is obtained in cubic feet. 
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by multiplying the surface area of tlie water in square 
feet, by the depth in feet to wbich. the water level bad 
sunk as a result of pumping. Cubic feet multiplied by 
6-23=gallons. 

By this means one can roughly estimate how many gallons 
will be available in a given time. 

Precautions to be taken in regard to 
Superficial Wells. 

The well should not be closer to a drain than 4 feet for 
every foot in depth of the well, z.e., a 25-feet well should be at 
least 100 feet away from a drain. A well should be 200 feet 
from any cesspool or cemetery. 

The ground for a radius of 30 feet round the mouth of the 
well should be cemented, or paved with stone slabs set in 
cement, with a proper slope leading away from the well, and 
adequate provision must be made for carrying away any 
waste or surplus water falling on this surface, so as to prevent 
the water gaming access to the well and also to prevent the 
breeding of mosquitoes owing to the accumulation of stag- 
nant water in the vicinity of the well. The actual edge of 
the well must be protected by coping stones at least 2-|- feet 
high to prevent access of surface water to the well. No 
private vessels should be used for abstracting water and, 
where the water is for domestic use, it should not be with- 
drawn from the well by the usual village iiractice of employing 
oxen (Moai or Koas). 

Trees should not be allowed to overhang a well or to be so 
near as to permit the leaves falling in. 

The mouth of the well ought if possible to be closed, not 
only to prevent the entrance of dirt, or dirty vessels, but 
also to obviate the risk of mosquitoes breeding therein. By 
far the best measure is to permanently close the well by a con- 
crete covering, leaving only a small trap door for purposes of 
inspection and cleansing (which door should be cemented 
down), the water being drawn by means of a pump. 
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The well should be lined either with bricks set in cement 
with a backing of puddle, or with earthenware tubes or cement 
or iron cylinders, to prevent the entrance of water except 
from the bottom or near it. 

Moreover, behind the cement or brickwork lining, there 
should be a layer of puddled clay as an additional precaution. 

In villages, if possible, all shallow wells should be 
surrounded by an acre of uncultivated and uninhabited land, 
no privy or cesspool being allowed within this area. 

Koch, recognising the danger of superficial wells in times 
of epidemics, strongly advised that existing shallow wells be 
converted into tube wells. He proposed the following method 
of conversion. The well to the level of high water mark 
should be filled in with pebbles and gravel, and above this, 
and reaching right to the top, should be placed sand. To 
obtain the water, an iron pipe must be placed in the well 
extending down through the sand and gravel to the bottom. 
This tube is connected to a pump. By this means Koch 
claims that much danger from Cholera can be obviated. 

As a general rule, the site selected for a surface well ought 
to be as far removed as possible from all sources of contami- 
nation, and in a direction opposite to the natural course of 
the subsoil water, so as to tap it prior to its reaching any 
possible source of contamination present in the village. 

Deep Wells. 

As already mentioned, the term refers more to the fact 
that the well is sunk through one or more impervious 
strata rather than to any measure of its actual depth. The 
water obtained is generally pure and free from organic impu- 
rities, provided proper measures are taken to render the upper 
portion impervious and to prevent the entrance of surface 
water. The water varies in composition according to the 
strata it passes through. 

In chalk the water is clear, sparkling, and wholesome. It 
contains calcium carbonate and carbon dioxide. In lime- 
stone and magnesium limestone it is good ; it however 
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contains more calcium and magnesium sulphate than that 
from chalk. 

From granitej metamorphic and trap rock it is very pure. 
It contains some sodium chloride and carbonate and but 
little lime and magnesia. 

From millstone grit and hard oolite the water is very 
pure, the salines present being chiefly calcium and magnesium 
sulphate and carbonate. 

The temperature in deep wells increases about 1°F. for 
every 55 feet in depth below 60 feet, at which depth it is 
fairly uniform at 60° F. Deep wells should be lined with 
bricks, stone, steel, socketed wrought iron or steel pipes to a 
point at least lower than the lowest water level. If with 
bricks, they should be hard, well shaped, and well burnt and 
laid in good hydraulic mortar. To exclude land and other 
springs, etc., concrete or clay puddle must be introduced 
behind this steining. The sides of the well should be steined 
as far down as the top of the impermeable layer. 

To increase the yield from a -well already executed, one 
or other of the following measmes is usually adopted ; — 

(1) Lower the water level in the well by pumping where- 

by the hydraulic depth for the inflow is increased. 

(2) The bore hole may be deepened. 

(3) Headings may be driven laterally from the well. 

Ai-tesian or flowing w^ell, so called from Artois in France 

where they were first dug, is a variety of deex:) wells in 
which the water is tapped in a permeable stratum lying 
between impermeable strata. The water-bearing stratum is 
basin- shaped and its outcrop which is a great distance aw^ay 
is at a higher level than the site of the well. Consequently 
the water tries to gain its level and actually sprouts at the 
mouth of the well. 

Abyssinian ok Tube Wells. 

These consist of a hollow iron tube, of a diameter varying 
between 1| and 3 inches, which at its lower end, has a steel 
18 
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pointed projection for the purpose of boring. The tubes are 
driven into the ground by heavy iron weights suspended on a 
pulley. The lower portion of the tube is perforated to aclinit 
of the entrance of water. A tube is driven in until a water 
bearing stratum h reached and if necessary successive lengths 
of pipe are attached to the original. The water is derived 
from the stratmn direct. Such wells are useful when the 
superficial supplies are known to be polluted. When a water 
bearing stratum is reached, a pump is attached. 

Various boring operations, are done by the Government 
of Bombay annually, either to augment the yield of existing 
wells or to ascertain the nature of foundations. The boring 
at Asalgam, for instance, was continued and an artesian 
suppty of water at the rate of 129,600 gallons per day was 
encountered. 

The insertion here of a few notes on the general principles of action 
and construction of various types of pumps may be of interest. 

There are two types of pumps — the suction or atmospheric and the 
force pump. The former answers the purpose Avell, so long as the distance 
the water has to Ije raised does not exceed 25 feet. 



The suction pump, or atmospheric or lifting pump, consists of a cylinder 
called the barrel, with a valve A, in which works a piston or box in which 
is another valve B. Both valves open upwards. The piston is attached to 
a rod which is worked by a handle. When this is raised, the piston is 
depressed. Tlie valve B then opens upwards allowing the water or air below 
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it to escape into the upper part of the cylinder. When the piston is raised, 
the valve in it closes and the water above the valve is lifted up and discharged 
through the spout. The water from below, owing to atmospheric pres- 
sure on its surface, lifts the valve at A and rushes up to fill the vacuum 
caused by raising the piston. When the piston is again depressed, the same 
process is again repeated. If the valves are very dry, a little oil should be 
poured on them. A small quantity of water poured on the piston before 
commencing work makes it air-tight. This form of suction pump is 
frequently used in shallow wells. It is suitable for hand power only. The 
surface of the water to be raised should not be more than 25 feet below the 
moveable valve. Where the water level fluctuates, care must be taken to 
measure from the lowest level reached during those fluctuations. Especially 
for small pumps, the suction pipe should fall all the way from the pump 
to the supply well, as any upward bend in the suction pipe introduces an 
air trap and may seriously interfere rvith the power of the pumji. 

Thu Singl-r Action Eorce Pump. 

This pump is used to force water up to the top of high buildings, etc. 
In this immp the piston is made without a valve. The pipe for delivering 
water is at the bottom of the immp. It has a valve 0 which opens upwards 
so as to prevent the return of the water in the delivery jiipe. At the bottom 
of the cylinder is a valve B opening upw'ards. Wlien the piston is raised, 
valve B opens and the water rushes into the cylinder ; when, however, the 
piston descends, valve B closes and valve C opens and the water is thus 
forced uj) the delivery pipe. In this jnnnp the force is required for the 
down stroke. The top of the cylinder need not ho closed, as a little water 
poured in above the piston renders it air-tight. Sometimes a solid plunger 
is substituted for the piston to avoid the expense of turning the cylinder 
true and also because it resists the wear from dirt and grease better. At 
each stroke it raises a volume of water equal to that of the plunger. 
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The Double Actios Force Pump. 

This pump forces up water both at the up and down strokes. At the 
up stroke the water above the piston is forced through the valve A.^whilo 
that below enters the cylinder at the valve D. At the down stroke the 
water is forced through the valve C, while it enters above the piston at 
the valve 13. In all force pumps, the packing of the piston or box is of the 
utmost importance. It is commonly made of waste tow soaked in tallow 
rammed tigiit, but for great pressures cup leather packings are used. 



These pumps contain no valves and no pistons. They work by the 
revolution of a series of blades contained in an iron casing. A partial 
vacuum is produced behind the revolving blade and water is drawn in due 
to atmospheric pressure upon it, while the water in front of the blade is 
forced into the rising main. These pumps are very good up to 25 feet. 
Some are made which are capable of raising water up to 100 feet. 

The Hydraulic Ram. 

Rams are used to lift water to heights as a rule not exceeding 150 
to 200 feet, but special rams are made for greater heights. The principle 
on which they work is as follows (vide Diagram) ; — ^The water working the 
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ram is supplied through a pipe S and it escapes through the opening 0 until 
it has gained a velocity sufiBoient to raise the valve or ball B, which suddenly 
stops the current in this direction and causes an excess pressure in the ram 
R which results in the valve C being raised. The water is then pressed into 
the air chamber A and finally through the delivery pipe D to its destination. 
When equilibrium of pressure is established between S and R, the valve 
B falls and the operation is repeated. The ram, depending on its size, 
can make as many as 200 strokes per minute. The intermittent flow 
through G is converted by the pressure of the air in A into a constant flow 
in the pipe D. The length of the supply pipe may be ten times the height 
of the fall or more, but it must not be less than 5 times the height. 

Any working fall from sa,y, 18" up to 100 ft. will do to work a ram, 
but the more the fall obtained up to about -J- of the total height that the 
water has to be raised above the rain, the less will be the cost to raise a given 
quantity and the less will be the driving water required to lift that quantity. 
Rams will force water to a point several miles distant. The quantity of 
water required to work a ram depends on the fall available, the height it 
is required to raise the water and the quantity desired to be raised. Under 
favourable circumstances, rams can be made to work with leiss than one 
gallon of water per minute. When giving the quantity of water available 
to work a ram, it is necessary to state also the velocity and flow in gallons 
per minute. When the working sujiply i.s not .sufiScient to work a ram 
continuously, the water may be dammed up and discharged at intervals 
the ram thus working in intermittent manner. 

The ram is cheap and well adapted to small villages and country 
houses. The, elevation to which the water has to be raised must not be too 
great, otherwise repairs to the working parts will be frequently needed. 

In actual practice, it may be said, that water falling from any height 
between 4 and 40 feet may be made to raise a portion of itself to any 
greater height up to 10 times the amount of fall available. 

A well-made ram is very durable and requires but little attention 
and its cost should not exceed Rs. 700 to 800. 


Hardness of AVater. 

Tlie provision of a hard water supply for a town reacts 
in various ways. In the first place a very great waste of soap 
occurs. The coii^tant use of a hard water for drinking pur- 
poses causes gastro-intestinal troubles ; vegetables boiled in 
hard water lose much of their colour and flavour. The same 
amount of nutriment is not extracted from meat, nor flavour 
from coffee or tea, with a hard as with a soft water. Hard 
water used in boilers may cause an explosion due to the 
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deposition of salts, wHch usually occurs in tlie follomng 
order;— (1) The carbonates of calcium and magnesium. 
(2) The sulphates of calcium and magnesium. (3) Salts 
of ii'on, if present. (4) Silica or alumina, if present. The 
incrustation formed causes much waste of coal. 

The total hardness of most water is caused by salts of 
calcium and magnesium with some free carbonic acid ; hence 
waters from chalk, oolite, limestone, dolomite, and new red 
sandstone are liard. Bain water is soft. 

It is estimated that every degree of hardness means waste 
to the extent of one pound of soap for every thousand gallons 
of water used. 

Hardness of water is of two kinds (1) temporary and 
(2) permanent ; the former is capable of being removed by 
boiling or by the employment of caustic lune or soda. 

Temporary hardness is due to the presence in the water 
of the carbonates of calcium and magnesium held in solution 
as bicarbonates by carbonic acid chiefly. The bicarbonates 
of calcium and magnesium cease to be soluble at 212° F. and 
after treatment of the water with caustic lime or soda, as they 
are robbed of a portion of the carbon dioxide wliich bolds 
them in solution, they are deposited as mono-carbonates. 

The permanent hardness is due to calcium and magne- 
sium sulphate, chlorides, phosphates and nitrates with some 
magnesium carbonate which re-dissolves as the water cools. 
The salts of iron, silica and alumina, if present, also add to the 
hardness. All these salts are unaffected by boiling, thus 
constituting tlie difference between temporary and permanent 
hardness. To determine the amount of hardness present, a 
solution of soap is used. Soap is a salt of an alkali with one 
of the fatty acids, i.e., soap is an alkaline oleate, soluble in 
water forming with it a lather. If lime, baryta, alum, 
magnesium or iron be present, oleates of these bases are formed 
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and no lather is given until the earthy bases are thrown down 
or used up. Free carbonic acid has the same effect. The 
precipitate formed with calcium comes down direct, but that 
formed by magnesium comes after a slight delay, hence an 
apparent lather may form only to disappear later. Many 
of the salts contributing to the total hardness are held in 
solution by carbonic acid, e.g., the carbonate and some salts 
of lime and magnesium and some of silica, alumina and iron 
if present. 

The amount of hardness may be expressed in terms of 
grains of calcium carbonate per gallon. This is known as 
Clarke’s system, where each grain per gallon ecjuals one degree 
Clarke ; or it may be expressed as parts of calcium carbonate 
per 100,000. This is known as the metrical scale. When they 
are compared, 1° Clarke =0.7° metrical. 

The total hardness of a water should not exceed 30° me- 
trical and of this the permanent hardness should not exceed 
5° metrical. 

Hard waters vary from 20° to 30° metrical and soft waters 
from 8° to 15°. A very soft water may contain from 6° to 8° 
metrical. The greater the permanent hardness the more 
objectionable the water. 

Treatment of Hard Waters. 

Temporary hardness can be dealt with by caustic lime or 
soda, which robs the bicarbonates of one molecule of carbon 
dioxide and reduces them to monocarbonates. 

A water containing bicarbonate of magnesium : — 

MgCU;!. CO2+0aO=MgCO3+CaCO3. 

A water containing only bicarbonate of calcium; — 
CaCOs. C02-)-Ca0=2CaC03. 

Water treated by caustic soda : — 

CaCOs. C02+2Na20H=CaC03-|-Na2G03-|- H2O. 

A water containing sulphate of lime can be dealt with by 
carbonate of soda, with the result that a monocarbonate 


i; 

I 



280 


Sa]siitation in India,. 


of lime forms and sulphate of soda, a soluble salt, remains 
in solution. 

CaSO.i.+Na2C0s=CaCO3+Na2SO4. 

A water containing both bicarbonate and sulphate of 
calcium : — 

CaCOs. C02+CaS04+2Na0H=2CaC03+Na2S04+H20. 

One must know the exact degree of hardness in the water 
and use only so much lime, etc., as will combine with the 
carbon dioxide holding the chalk in solution — otherwise lime 
will pass out into the distributing pipes. 

The average amount added is about 1 oz. of lime per 700 
gallons of water for each degree of temporary hardness. 

There are several commercial processes (Clark’s, Porter- 
Claik’s, Lawrence’s, Stanhope’s, &c.) for softening w'ater. 

In Clark’s process quicklime is slaked with w'ater in a 
tank and the water to be softened is gradually added and 
thoroughly mixed mechanically. After allowing to settle for 
twelve hours the clear supernatant water is tested for uncom- 
bined lime by adding silver nitrate solution. 

In the Porter-Clarke process the suspended matters 
obtained as in Clarke’s process are removed by passing the 
water under pressure through linen cloth. This process does 
not touch the permanent hardness. 

The Stanliope Water Softener reduces the temporary 
and permanent hardness by using lime and soda. 

An efficient and automatic method of softening water for 
domestic purposes is the “ Permntit System”. 

Permutit is a compound of Silica and Alumina with 
various bases and its mode of action depends on the property 
of “ base exchange.” Soda Permutit for example wdien brought 
in contact with hard water, takes up the Calcium and Magne- 
sium and gives Soda to the water in exchange and thereby 
softens the water, the action being automatic. PiTien exhaust- 
ed the Permutit can be rejuvenated by boiling it w’ith 10 per 
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cent, salt solution wlien tlie Calcium and Magnesium are 
eliminated as chlorides, and Soda Permutit is reformed. 

Manganese Permutit is effective for removing iron from 
water. 

Action op Water on Lead Pipes, etc. 

Certain waters act on lead and also on zinc. 

Those waters which act most are — 
the purest and most highly oxygenated, e.g., rain water, 
and the soft waters of lakes and upland surfaces ; 
those containing any organic matter, nitrites or nitrates 
from sewage pollution ; 

waters containing much of chlorides which dissolve the 
coating of carbonates which may have formed ; 
waters containing any free acid, e.g., peaty water. 

Water containing mud and mortar appears to act more on 
lead. Moorland gathering grounds are usually rich in peat. 
Moist peat is invariably acid in reaction, and water draining 
from peat is always acid. The degree of acidity depends 
chiefly on the amount of peat and the length of time the water 
has been in contact with it ; the cause of it is the growth in 
the peat itself of acid producing bacteria. 

Those waters which act least on lead are — 
those rich in the earthy salts, e.g., hard waters from deep 
wells containing carbonates, phosphates and sul- 
phates, especially calcium carbonate, 
those containing free carbonic acid not in excess. If 
the CO 2 is in excess or the water is charged with 
it under pressure, then the coating of protective 
basic carbonate is dissolved and the solvent action 
of the water is increased. 

Silica is said to have a protective influence. 

New lead pipes yield more lead to the water than do old 
pipes. The length of time the water is in the pipe also influ- 
ences the result ; for the first 24 hours the amount dissolved 
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increases, but afterwards some is deposited and after the 
lapse of abonfc 6 days less is found. Hot water in pipes takes 
up more lead than cold. Increased pressure upto 140 lbs. 
]jer square inch helps the solvent action of the water. The 
juxtaposition of other metals to lead increases the solvent 
action owing to galvanic action ; this is seen when iron, zinc 
or tin is mixed. Bending lead against the grain is said to 
increase the risk. Zinc pipes, which often contain a mixture 
of lead, may yield that metal to the water. 

Lead has a cumulative action on the human system. 
The amount of lead necessary to cause illness varies very 
greatly according to the personal idiosyncrasy of the indivi- 
dual concerned. Angus Smith quotes a case where water 
containing grain of lead per gallon caused poisoning. 
Adams also records a similar case. Any quantity over ^ 
grain per gallon {i.e., 0.07 per 100,000 parts) is to be con- 
sidered as bad. As different observers report water analysis 
in different terms, e.g., some in terms of grs. per gallon, while 
others do so in terms of parts per 100,000, it is convenient to 
I’emember that to convert grains per gallon into parts per 
100,000, one must multiply by 10 and divide by 7. 

To 'prevent the absorption of lead various devices have been 
proposed, including those acting on the water before it enters 
the pipe and those acting on the pipe itself : — 

1. Limestone, hme, or bicarbonate of soda is added 

to the water in order to lessen its acidity. 

2. Lead pipes lined with tin have been recommended, 

but as the Hning is liable to fracture, galvanic 
action may be set up and lead dissolved. Block 
tin pipes besides being expensive are liable to 
corrosion if the water contains nitrates. Tin 
lined iron pipes have been used in many places. 
On the whole, the best is to have good iron pipes 
protected in one of the various ways in vogue. 
Filtration through sand, charcoal, or spongy iron 
will remove much of the lead. 
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Action of Water on Iron Pipes. 

The action appears to be energetic at first but diminishes 
later. Soft waters act freely on cast iron, causing corrosion 
and consequent turbidity of the water and diminution of 
the thickness of the pipe. Waters with little lime but high 
chlorides act rapidly on iron. They acquire a ferruginous 
taste and leave a deposit of red oxide of iron in vessels, 
Difierent methods have been adopted to protect iron pipes 
from corrosion. 

Angus Smith’s protective process consists in coating the 
interior of the pipe with a mixture of pitch, resin and linseed 
oil. As a result the corrosive action of the water is lessened. 
The pipes are heated to 310° F. and are then immersed in a 
bath of pitch for some time. This bath must be kept at a 
temperatm-e of not less than 310° F, and the pitch used 
must be distilled until all the naptha has been driven off the 
coal tar. The pipe must be perfectly clean and free from 
rust before immersion. 

Barrf ’s protective process consists in raising the tempera- 
ture of the pipes to 1200° F. in a suitable chamber through 
which superheated steam is passed for several hours — after 
which treatment a coating of oxide of iron is formed. 

In some parts of the United States of America, iron pipes 
lined with hydraulic cement are used. 

On the whole, iron pipes are best for the larger sizes 
required, and, under the jiressure of the constant system--- 
for the smaller sizes also. 

Quantity of water required per head of population. 

The amount of water supplied to larger towns varies 
with the facilities of supply and the demand. 

It must of necessity vary according to circumstances 
O’f climate, the presence of trades and large institutions, etc. 
Water is required for ordinary domestic purposes including 
personal ablutions, cooking, cleansing of the house and cloth- 
ing and for water-closets and baths. Municipal requirements 
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must be met, as water is ueeded for the streets, for cleansing 
drains and sewers and for extinguishing Jires. Provision 
must also be made for animals, e.g., horses, cattle and dogs. 
Finally, trade requirements and an allowance for waste must 
be met. It is not possible to lay down any hard and fast 
standard of requirements; a rough guide, which however 
must vary according to circumstances, is for domestic, muni- 
cipal and trade purposes 10 gallons each per head. 

In an ordinary residential town in England 25 gallons 
per head per day, including water for water-closets, is con- 
sidered sufficient and is distributed thus : — 

Gallons. 


Cooking .7 

Drinking .3 

Ablution.. .. .. .. 5,0 

House cleaning 3.0 

Laundry 3.0 

Baths ... 4.0 

Water-closet 6.0 

Waste 3.0 


25.0 

To this should be added 5 gallons per head for Municipal 
purposes — flushing of drains and road-watering and fire and, 
if a manufacturing town, another 5 gallons per head per 
day, making in all 36 gallons per head per day. 

In large manufacturing centres with railway and docks, 
another 5 gallons should be added . 

In India, owing to the habits and customs of the Indian, 
an extra item in the allowance for waste is made, as he cannot 
resist letting the tap run all the time he is washing himself 
or his clothes, and there is besides the underground waste 
due to defective fittings and pipes. So that in a large city 
in India — Bombay and Calcutta — a supply of 50 gallons 
per head should be estimated for, but in other towns and 
cities a supply of 30 or 40 gallons is ample. 
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The following table shows the average allowance per head 
in each of the following towns : — 


London . . . . . . 37 Edinburgh . . . . . . 50 

Liverpool . . . - 34 Dublin . . . . . . 35 

Manchester . . . . 36 Newcastle . . . . . . 33 

Glasgow 56 Rome 220 

Paris . . . . . . 44 Calcutta . . . . . . 35 

Berlin . . . . . . 22 Madras . . , . . . 28 

Vienna . . . . . . 22 Bombay . . . . . . SO 


In the case of Calcutta, Madras, Bombay and other towns 
in India, the amount of water actually used per head is greatly 
in excess of the amount provided by the respective Munici- 
palities, as a large amount of water is extracted from private 
wells and public tanks for ordinary domestic purposes, 
washing and for the watering of gardens. 

In Bombay it is beyond question that a reckless waste 
of public water is practised by the poorer classes. 

The Collection and Storage of Water. 

Where the water supply is derived mainly from surface 
waters, it is necessary to provide sufficient storage where 
any aggregation of population occurs, in order to meet the 
demands for water. Water is therefore collected in what is 
known as an “ impounding reservoir,” which is usually con- 
structed by damming the lower end of a vaUey. 

Many considerations have to be weighed before settling 
on any particular site as suitable for an impounding reser- 
voir, and though these fall more particularly within the duties 
of a Water Engineer, brief reference may be made here to a 
few of the main points. 

(i) In the first place, one must know the amount of rain- 
fall experienced in the area under examination, its seasonal 
distribution, the greatest annual rainfall, the least and the 
average, and also the length of the dry season. 

Hawksley has estimated that, speaking generally, the 
average of 20 years’ rainfall less may be taken as the 
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amount of rain in tlie driest year, tliat similarly tlie average 
of 20 years pins i equals the amount in the wettest year, 
that the average of the 3 driest years in 20 is a fairly safe 
basis to work upon, and that this may generally be taken 
to be about i] the average rainfall. We may assume that 
about of the actual average rainfall is available for use. 

(ii) The extent, configuration and nature of the catch- 
ment area must be carefully ascertained. The nature of tlie 
soil influences the loss by percolation, which is greatest where 
the soil is porous, e.g., sand and gravel. A steep rocky sur- 
face occasions least loss by evaporation and percolation. 
The ground must be examined to ascertain the nature of 
the underlying impervious stratum and its distance from the 
surface and, if possible, the presence or absence of any fissures 
should be ascertained. 

It is most desirable that no part of a catchment area 
should be under cultivation, nor should any human liabita- 
tions be permitted in the area. Tlie houses necessary for the 
Water Engineer’s permanent stafi should be so situated as to 
preclude any risk of drainage from them entering the lake. 
The area should be fenced in to prevent cattle straying into 
it and it should be covered by evergreen trees to protect the 
soil from being washed away. 

(iii) The extent of the demand (if any) for compensation 
waters must also be ascertained and provided for. 

The sides of reservoirs should slope rapidly, and prefer- 
ably should have a rubble-covering to a depth of 6 to 10 feet 
below low water mark. In very large reservoirs, however, 
this is often impracticable. 

The margins should be kept free from weeds and long 
grass. 

In impounding reservoirs the growth of chara and mtella 
may cause an ofiensive smell and taste to he imparted to 
the water. Soft waters and those with ammonia in them 
aid the growth of these low forms of vegetable life. 
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Blue and green aigse frequently grow along the sides and 
diatoms and desmids on the surface. 

To destroy algaa, etc., copper sulphate in the strength of 
10 lbs. for every million gallons of water is of great value. 
It is usually mixed with the water by towing canvas bags 
over the lake behind a small boat or boats. 

The decay of blue algae causes an objectionable smell 
which is noticeable also when the oil sacs in them are rup- 
tured. After water containing blue and green alg® has been 
treated with copper sulphate, the smell may appear to be 
worse, but in a week the water will be foimd to be quite free 
from smell, sediment and any trace of copper. Filtration 
through polarite as well as any meohanical filters, e.g., 
Jewell’s removes copper. 

Water from reservoirs, rich in bottom vegetable growth 
frequently has an offensive odour, for which the only remedy 
is thorough aeration. 

A method of getting a very rough estimate of the amount 
of reservoir space required is as follows : — Divide the num- 
ber of gallons of water used daily by 6.23; this gives the 
number of cubic feet consumed j)er day, and that multiplied 
by the number of days for which storage is required gives the 
reservoir space necessary. Haw’'ksley introduced a formula 
whereby one can ascertain the number of days’ supply that 
should he stored in any particular instance. Let F equal 
the mean aimual rainfall in inches, say | of the average 
annual yield, and let D equal the number of days for which 
storage is required, then 1,000 



e.g., the mean annual rainfall is 25 inches, then 

1,000 

D== =5 200 days. 

In England, the minimum number of days for which 
storage should be provided is usually about TSO days. 



288 Sanitation in India. 

From impounding reservoirs the water is taken to storage 
reservoirs, from whence it may pass to filter beds, or in some 
instances direct to the consumer through street mains and 
serAioe pipes, etc. Pumping stations and settling' tanks may 
or may not be necessary, according to the elevation of the 
impounding reservoir and the purity of the water. As far as 
possible all storage reservoirs should be covered in and venti- 
lated, they should be deep, and not extended and shallow, so 
as to lessen evaporation and keep the water cool. They should 
be periodically cleansed. Further reference will be made to 
the importance of storage reservoirs under the heading of 
Purification of Water.” 

When the supply of W'ater is derived from a river, the 
intake should be where the stream is constantly flowdng, 
avoiding stagnant and shallow places. It is best situated 
some feet beloiv loivest smnmer level. Screens should be 
provided to exclude gross matter entering. The water may 
have to be pumped to subsidence and storage tanks, passing 
thence to filter beds and to the clear w’ater storage reservoir 
and thence to the public. 

Disteibution of Watee. 

There are two main systems, and several subsidiary me- 
thods of distributing water, such as by water carts, foklials, 
etc. The main systems are (1) the constant and (2) the in- 
termittent, the essential difierence between them being that 
in the latter there must be provision made in the house for 
the storage of one or more days’ supply of water, whereas 
in the constant sy.stem the storage required is only to the 
extent of the cisterns necessary for the water-closets and 
kitchen boilers. 

In the constant system, the taps in the houses deliver 
water direct from the service pipes. This system necessitates 
a good supply of water, good pipes and fittings and strong 
taps. Auy wastage is generally due to leaks in the pipes 
resulting from' fracture and drawn joints or defective taps. 
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Such leakages are generally detected by sight or by the use 
of waste- water meters. Among the objections raised to the 
constant system are the waste that may occur and the loss 
of control in times of shortage of winter. The former can 
and should be controlled to a great extent by waste-water 
inspectors and by the comxmlsory use of strong fittings, and 
the latter is capable of control by curtailment of hours of 
supply should necessity arise. 

The intermittent system is open to many objections : in 
the first place it causes corrosion of the pipes, resulting in 
dirainution of supply and turbidity of the wnter. 

The cutting off of the ivater tends to create a vacuum in 
the pi] 5 es ; consequently, if there is any fracture in the pipes 
or a leaking joint, there is great risk of foul air or coal gas or 
even sewage being sucked into the pipes. In actual juac- 
tico, outbreaks of disease have been traced to this very cause. 

The intermittent sii])ply is in itself a great source of 
waste, as ] 3 eople leave the taps ojien on finding no supply on. 
Cous(3(jueiitly, when the supply does come much waste may 
result. 

Another very serious objection is that this system neces- 
sitates the use of cisterns for the storage of water during 
uoii-sui)ply hoius. Cisterns are ajit to get foul, are costly 
and moreover the water is ajit to stagnate in them and absorb 
impure air. Besides in many of tlie homes of the jDoorer 
■classes there is no room for cisterns. Wliere cisterns are 
necessary, they should be so placed as to be readily accessible 
for purposes of cleansing, wdiich jn'oeess should be carried 
out at regular intervals. They should be covered so as to 
keep out dust, insects, vermin and the droppings of birds, 
etc., and also to xuevent the breeding of mosquitoes. Pro- 
vision can be made for ventilation by means of a curved 
pipe. They should be placed at the top of the house, and 
if this be a high one, jirovision must be made for filling them 
by a force xiumj) worked eitlier by hand or by electricity. 

19 
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No cistern, supplyittg a water-closet sliould be allowed to 
supply the drinking water of the house as well. Here one 
may add that on no account should a tap from a service pipe 
ever be allowed to directly flush a water-closet. 

Every cistern shoidd be supplied with an overflow pipe 
opening directly into the open air, so as to give timely warn- 
ing of any waste. This pipe must never open either into 
or over a drain or sewer. 

Frost may interfere with the action of a cistern, and if 
the kitchen boiler is supplied dhect from the cistern at the 
top of the house, much trouble may result from a severe frost 
such as is experienced in certain parts of India. A separate 
cistern placed at the back of the range should always be 
provided in places exposed to severe frosts. 

Cisterns are constructed of various materials : stone, 
cement, brick, slate, tiles, wood and load, zinc and iron, etc. 
Of these, slate is perhaps the best, but it is liable to leakage ; 
it should be set in hydraulic cement or in Spence’s metal ; 
common mortar sliould not be iisi'd as it may cause the water 
to become hard. Lead cisterns are ojien to the objection that 
certain waters act freely on them. Zinc and galvanised iron 
cisterns are liable to corrode, and if the water is rich in ni- 
trates, zinc salts may be dissolved in the wuter. Wooden 
tanks should not be allowed. Iron cisterns are apt to corrode. 

Spence's metal is made by melting the three sulphides of 
iron, zinc and lead witli suljihur. It expands in congealing 
and so is very useful for jointing water pipes, etc. 

When the pressure of water in the main is not constant 
and varies in diflerent parts of the city, it is necessary in the 
case of dwellings over 50 feet high to resort to artificial 
means of raising the water. This can bo. done by hand-pump, 
gas-engine and electric power. All these methods are in use 
in every city, and in Bombay they can be seen at wmrk both 
in European houses, fiats and hotels and in the Indian part 
of the city. The town supply is delivered into tanks 
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placed at the ground level or below it and the water forced 
up to a cistern on the roof. 

SouECES OF Impueity in the Watee Supply. 

These may have their origin in the geological strata from 
which the water is derived, or from the manner of storage 
or distribution. 

Impurities feom Geological Strata. 

Mountain limestone yields a clear palatable water, which 
however is rather hard and therefore unsuited for many trade 
and domestic purposes. So also wator from hard oolite, 
cretaceous rocks and chalk is hard. Water from magnesium 
limestone contains a large amount of permanent hardness. 
That from gravel is very variable and usually contains much 
organic matter. Shallow wells in alluvial and gravel soils 
geiKirally }’ield an impure water, containing calcimn carbonate 
and sulphate, sodium carbonate and chloride, magnesium 
sulphate and traces of iron and silica and often much organic 
matter. From cultivated land, the water contains much 
organic matter and salts. The water of marshes contains 
much vegetable organic matter. Whlls near cemeteries may 
yield a water containing ammonium and calcium nitrites 
and nitrates and sometimes fatty acids and much organic 
matter. That from old cemeteries contains less organic 
matter, but much nitrates and chlorides, and spepdily becomes 
putrid. "W^ells near the sea may give a brackish water. 

liUPUEITIES OF StOEAGE. 

One of the great objections to the intermittent supply of 
water is that this system necessitates the presence of cisterns. 
These are very apt to become neglected and be a source of 
danger, as already mentioned. Storage in underground 
tanks, which are not properly constructed so as to exclude 
surface drainage or drainage from leaking cesspools, also 
permits of pollution of the water. The material of which the 
tank is constructed may also have this effect. Open tanks 
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arG vGry liable to pollution from tlie babits of tbe people- 
bathing there and washing their clothes therein ; moreover, 
many are so insufficiently protected as to permit of surface 
drainage gaining access. 

Pollution during Distribution. 

Distribution by means of open conduits is attended with 
considerable risks, as such are liable to be fouled by surface 
washings, leaves and branches of trees, dead animals, house 
and trade refuse and human and animal excrement. 

The possibility of water dissoKdng iron, lead and zinc 
when passing tlnough pipes composed of those metals or 
stored in cisterns thereof has been discussed elsewhere. 
Defective pipes and joints may admit of pollution, if water 
pipes are permitted to be laid in the vicinity of cesspools 
and drains, etc. 

Sewer gas, sewage and coal gas may all be di’awn into 
water-pipes when the intermittent system of supply is in 
vogue. 

Distribution by Skins {Mashahs). 

Leathern receptacles made of the skin of the goat or calf 
are used. 

The sources of pollution are more or less obvious, as the 
skins are unclean to commence with and cannot be made 
or kept clean. Moreover, during non-wmrking hours the 
mashaJes are deposited anywhere, and, should an outbreak 
of Cholera or Typhoid occur in the house of the bJiisti, the 
chances of infection of these receptacles are very considerable. 

Distribution by Water Carts and Barrels. 

The chief risk in such cases lies in the difficulty of keeping 
such receptacles clean. As a general rule, precautions are 
absolutely neglected and the carts become very foul. 

Periodical cleansing and strict inspection tend to minimise' 
the risk. 
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Effects of an Insufficient Supply. 

Tlie effects of an insufficient supply are more or less obvi- 
ous. Personal cleanliness of body and clotliing diminislies. 
Eating utensils are not properly cleansed. The cleanliness 
of the house suffers. The streets are not watered, increasing 
thereby tbe nuisance and danger from dust. The sewers 
and drains are not flushed, and these add to the vitiation 
of the atmosphere. The result of all these factors is a lowering 
of the general health. Skin and ejm diseases spread. 
Typhus, Enteric, Diarrhoea and Eelapsing Fever increase. 
The damage from an outbreak of fire is also increased in the 
case of shortage of water. 

Effects of an Impure Supply. 

The diseases which are associated with the use of impure 
water are Cholera, Enteric, Dysentery, Dysi)epsia, Diarrhoea 
Goitre, Metallic Poisoning and Parasitic diseases. 

Diarrhoea may be due to suspended mineral matter, e.g., 
clay, marl, etc., examples of which may be seen in the effects 
of the waters of the Ganges, Missisippi and the Orange 
Eivers. 

Suspended animal and vegetable matter and also dissolved 
organic and mineral matters may cause diarrhoea, e.g., hydro- 
gen sulphide, calcium and magnesium sulphate, calcium and 
potassiimi nitrate. 

That Dysentery, Cholera and Enteric may be caused by 
impure water there is ample evidence to jirove ; in most 
instances the water was polluted with fmcal discliarges. 

Goitre is supposed to be produced by a deficiency of 
Iodine in the drinking water. Some authorities believe the 
disease to be of bacterial origin. 

Ova of parasitic worms are frequently found in water and 
may gain access to the stomach in this way. The more 
common forms are Bilharzia Hsematobia, Ascaris Lumbri- 
coides, Oxyuris Vermiciilaris, Filaria Medinensis, Distoma 
Hepaticum, Ankylostoma Duodenale. 
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(1) Bilharzia Hsematobia or Schistosoinum HEematobium. This 
trematode gains access to the human system through drinking water, 
or by its miracidia, from the evacuated eggs, penetrating through the 
skin of man while in the process of bathing. It lives in man in the portal 
vein and its branches and is distributed to the Ymins of the abdomen, parti- 
cularly those of the pelvis or bladder and rectum. The manifestation 
of the disease, most frequently, is in the bladder, where at first there is 
catarrh, followed by sanguinous urine or haematiiria. 

(2) Ascaris Lumbricoides, or the round worm, sometimes enters the 
system through drinking water infected with its eggs. 

At Moulmein in Burmah during the rvet season, especially at its com- 
mencement, natives and Europeans, both sexes and all ages, were in former 
years so affected by lumbrici as almost to constitute an epidemic. The 
only circumstance common to all classes was that the drinking water, drawn 
chiefly from shallow wells, was greatly contaminated by the substances 
washed in by the floods of the excessive monsoon” (Notter and Firth). 
The normal habitat of this worm is the small intestine. It however wanders 
all over tlie alimentary tract, and may be discharged by vomiting or by 
the stools. The ova of this worm develop in water or moist earth, after a 
long period of incubation. In medium temperature it takes about 30 to 
40 days for the embryo to become formed. The spirally rolled up embryo 
never leaves the egg shell in the open. In this condition it gains access 
to the intestine of man and takes about 4 to 6 weeks to develop into 
young worms. The infection occurs partly through water but principally 
direct from the soil. 

(3) Oxyuris Vermularis or the thread worm, is one of the most fre- 
quent and widely spread parasites of man. It occurs principally in children 
and its normal habitat is the large intestine. There the male and female 
oxyuris live and reproduce. The male rapidly dies and disappears, and, 
that is why it is rarely met with in the excrement. The female remains 
very active and often leaves the tract through the anus and causes very 
troublesome itching. The ova also pass out and may infest man through 
water or be transferred directly from person to person by the hand and 
re-introduced into man per os. 

(4; Guineaworm or Filaria Medinensis is very common, in tropical 
climates. It was known to the ancient Arabs, and is most prevalent in 
Medina (Arabia), Persia, Turkestan and India. The Medina worm is widely 
distributed in Africa and is identical with what is generally known as guinea- 
worm. In adult stage it lives beneath the surface of the body, most fre 
quently under the skin, in the lower extremities, chiefly about the ankles. 
It may also occur in other parts of the body. The male worm is very small 
and generally dies after attaining maturity. It is the female worm that 
burrows under the skin. When the worm tries to come out, a blister torms 
on the skin ; this blister soon bursts leaving a superficial ulcer with a central 
depression through which the head of the worm protrudes. 

When the ulcer comes into contact with cold — and this happens when 
an affected individual walks into the water of a steep-well or bathes in 
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it— the worm discharges her embryos, into the water. Dr. Max Braun, in 
his hook “ Animal Parasites of Man,” says “ it was known since the most 
remote period. ‘ The fiery serpents ’ that molested the Israelites by the 
Red Sea and which Moses mentioned were probably filariae.” The larvae 
of the worm reach the open after the bursting of the mother’s body. They 
live in water and moist soil. The larvae enter the body of a cyclop through 
its integuments and there undergo development and are thus taken in 
with drinking water. When such infected cyclops are swallowed by hu- 
man beings though their drinking water, the gastric juice kills the cyclops 
and liberates the contained embryos which are at this time 1 -50th of an 
inch in length. Their further life-history in man is not known until about 
a year afterwards when we find them fully matured and with a length of 
from 2 to 3 feet ; they are then ready to make their appearance on the sur- 
face of some part of the human body. 
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TfiP guinea \\ til lu tloes not endanger life, is still 

|inifiuet.ive Ilf iiineh suilVring ainl is sfiiu-tiines the cause of permanent 
tiefiirinities. 

The jiieventioii of tlie disease is a very, simple affair. It is only 
neeessary to prevent the eiiihryos from entering the drinking water, and 
this can he dom; i>y not allowin'' any infected persons to have access to the 
well uater leMtuveil for tlrinking jnirposes. But the hahits of the people 
ami tludr gcntu-al iudiffVreuce in this respect make this an extremely 
diffhuilt mutter, f-'liildren and even grown-up people often jump into 
these wells for a swim or tor bathing purposes and infect the water. 

Straining the drinking water through tine muslin will keep back all 
cyclojjs and prevent the disease; but this must always be done. 

boiling the water will also kill the cyclops and jirevent infection. 

Tlicy can also iie destroyed hy ti'eating the water witli chlorine and 
I opiii-r sidjibatc together. 

A type of lisli naiiied Barbus puckeltre, also destroys cyclops. 

The best, measure and tlie one I'ortain to give the most permanent 
result is to cover up the well and draw the water through a pump. 

(.”)) Didoitui llrpdftciini, or the liver fluke, inhabits the bile ducts of 
numerous herbivorous animals, «:hietly sheep, ox, goat, buffalo and horse. 
It occurs equally in all climates. In India it is chiefly found in the liver 
fif the buffalo and in Burma in that of sheep. In the latter animal it 
produces a disea.se known as ^ sheep rot.’ Its habitat is the liver which 
it gradually atrojihies. The eggs of liver-flukes develop in water and the 
larvffi miraciilia penetrate into a water-snail common in fresh water and 
bocojuc siiorocysts, and these are further developed into j'oung redia which 
become encysted on the meadows and are taken up hy herbivorous animals 
with their food. The liver fluke is extremely rare in man : only 23 cases 
have .so far been ohsorved. It fced.son blood. 

(6) Aub/tustuma Ditoildtuh— Vov this sec p. 745. 

PURIFICATION OF WATER. 

Tlie purification of water may be necessary in order to 
remove exces.‘^ive hardness, suspended mineral or vegetable 
miitters, di.ssolved organic matter, or for the removal or 
reduction of the number of micro-organisms. 

Variou.s motliods are employed, e.g., distillation, boiling, 
chemical agents, storage, filtration and application of ultra- 
violet rays. 
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Distillation. 

Distillation iiiitjnestionaljly producos a very ])m’e water 
wliicli is soft. It is only rarely employed on land but is 
frequently applicable at sea. Its use as a means ol: piiri- 
fviiii^ watei‘ on land is obviously restricted to compara' 
tively small demands owing to the expense involved. Dis- 
tilled water is often flat and dull owing to loss of dissolved 
gases. In bot countries it lias indifferent storage (jualities. 
The lack of aeration can be partially remedied by ])assing 
the water through a clean sieve or by poiuing in from one 
vessel to another, 2 or 3 times repeated, or by charging it 
with 00-2 gas under pressure. 

As the first portion of the distillate contains a large 
amount of volatile mipimfcies, and the last portion also is 
contaminated with volatile matter from the reactions of the 
concentrated solution of the mineral and organic matter, 
standard distilled water includes only the middle run of tlie 
still, tlie first and last portions being rejected. 

Boilinu. 

All vegetative forms of bacteria are killed by boiling. 
Those bacteria wdiicli form endogenous spores withstand, of 
course, for the most part, the process of boiling. 

Tlie pathogenic varieties coming mainly into considera- 
tion, Cholera and Typhoid, form no such spores, and conse- 
quently boiling forms a safeguard against those diseases. 

Boiling is limited to the purification of water in small 
quantities. 

The chief objections to this method of purification are 
the expense involved, the water is rendered flat and insipid 
and tlie difficulty of getting the purified W’^ater in a cool state. 

Besides killing vegetative bacteria, boiling also lessens 
the hardness of water ; on the other hand, it does not re- 
move any suspended m«atter. To overcome the difficulty 
of cooling the ^s’ater, special apparatus in a variety of designs 
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1ms been invented on the beat exchange principle. By 
this, nse is made of the fact that, with a sufficient area of 
metallic surface of good conducting capacity and sufficient 
time, a givem cpiantity of hot liquid will yield nearly all 
its heat to an equal amount of cold liquid of similar nature. 

By adopting tliis principle, large quantities of water can 
bo rapidly treated and as rapidly cooled. The majority 
bring tlui water to the boil and depend on the expansion 
of the boiling water for tlie maintenance of the circulation 
of the water through the machine. 

Many pattcTiis exist, and the one in general use in the 
array is the Griffith wliich is capable of sterilizing consider- 
able quantities (-8olj gallons per hour), with the expenditure 
of a small amount of fuel. 

Bor drinking water for domestic purposes, boiling forms a 
certain method of killing most germs ; and has the advantage 
of rerpuring no special apparatus. 

If, however, larger quantities are required, e.g., for hos- 
pitals, schools, factories, mineral water works, ships, armies, 
etc., some special apparatus is necessary. 

In the absence of any efficient means of sterilizing water 
by boiling, distillation or filtration, it may be necessary to 
fall back on chemical methods. 

Chemical Methods. 

(1) Alum is very frequently used to })urify water of sus- 
pended matters. It has very good effect in clarifying water, 
specially if calcium carbonate be present. This forms calcimn 
sulpha, te and aluminium hydrate, the latter forming a bulky 
precipitate which sinks to the bottom, bringing down a certain 
number of organisms with it. Alum does not act well if the 
water is very soft ; consequently, when such is the case, a little 
calcium chloride and sodium carbonate should first be added. 

In all oases the alum should be well stirred up in the water 
and the mixture then set aside to allow the suspended matter 
to subside. 
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(2) Potassium Permangamte is of great use iu cases 
where the water is impure and foul smelling. 

It forms a precipitate of manganic oxide and carries down 
suspended matters. Some organic matter, both animal 
and vegetable is oxidised. A solution of the crystals should 
be made before adding the chemical to the water. 

It is advisable to supplement the potassium permanga- 
nate treatment by alum purification and if possible filtration 
may be added. 

If the water is very soft, add calcium chloride and sodium 
carbonate. No definite quantity of permanganate is used 
the custom being to add sufficient solution to make the 
water pink and retain its pink colour for about hour. 

(3) Sodium Bisulphatc. — ^Rideal and Parkes suggest the 
use of sodium bisulphate in the proportion of 15 grains to 
one pint. It causes a somewhat acid taste in the water 
but Cholera vibrios and the Enteric and Dysenter}’- bacilli 
are killed by hour’s contact. 

Notter and Firth have devised a tabloid containing 2 
grammes of 70 per cent, bisulphate sweetened with saccharine 
and flavoured with oil of lemon. One tabloid for every 
If pints of water sterilises the water in 20 minutes. 

(4) Calcium Hyjyoc'hlonie {Chlorinated Lime — Bleaching 
Powder). — It has been extensively used since 1908 to disinfect 
water, and specially during the war for the purification of 
water for the troops. It has a very useful field of applica- 
tion in emergencies on a small scale as for military use, and 
on journeys. On a large scale however it is being gradually 
replaced by liquified gaseous chlorine. 

Calcium Hypochlorite is a whitish powder in friable 
lumps, with a feeble smell of chlorine, and a disagreeable 
bitter taste. It is alkaline in reaction and iu solution 
bleaches litmus paper. It is liable to absorb moisture from 
the air specially in the Tropics and get damp, when it 
deteriorates and is converted into the more stable and inert 
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chlorides. It sliould therefore be preserved in air-tight barrels 
or tins out of contact with the air aud the correct amount of 
available chlorine estimated evorytime before use. It has 
been fmind how'Ver that the addition of 20 per cent, quick- 
litn(=i will sImav vi-ry little diminution in the chlorine content 
ev('n after long sten-age. 

Olieoiically it is expressed ])y the formula CalOCl)^. 
The strength of a hleacliing jjowder solution is usually express- 
ed in t«.‘ri^^ of availahh? chlorine, — that is the amount of 
chlorine I’eadily liberated from its combination by the usual 
method of titration with lilodium Thiosulphate. A good 
sample of Bleaching powder should show an available chlo- 
rine of 35 per cent. 

The action of the bleaching powder is as follows : — 

Ha fCiO-l.-l-CO.-f-HoO-Ca CO,-j-2 HCIO 
“ 2IICIO-2HCI+O2. 

The amount of chlorinated lime necessary to be added 
to a wat(U’ will de])('nd on the composition of the water. 
The presence of much organic matter will necessitate the 
addition of a. liigher dose, as much of it will be used up in oxidis- 
ing the organic matter before it can perform its germicidal 
action. In tlu* presence of much turbidity or organic matter 
it is preferable to filter the water before chlorination as the 
use of an excess of liypochlorite solution might impart a 
disagreeable taste to the water. The dose of chlorine 
rei|uire<l will vary according to the purity of the water from 
(.1-25 to 1-0 part per million. 

The treatment of water with chlorinated lime on a 
large scale is being superseded by liquified chlorine as it 
requires skilled supervision to avoid disappointing results. 
Moreover the plant presents an unsightly appearance and 
there is great difficulty of getting rid of the excessive amount 
of sludge w’hich amounts to one gallon for every five pounds 
of chlorinated lime used. The plant necessary consists of 
mixing tanks, storage tanks aud balancing tanks of galvanised 


PUEIPICATION OF WaTER — CHLORINATION. 


301 


iron paintod with some resistant jiaint, or of cement conoretc. 
The solution of the hypochlorite solution is effected in the 
mixing tanlcs, and then led into the storage tanks AV'hence the • 
clear vsolution is used to sterilise the water, there being various 
mechanical arrangements to control the doses according to 
the volume of water and the strength of available chlorine. 

Method of Use {Thresh). 

{a) Obtain a supply of good quality chlorinated lime 
in I lb. sealed tins. Add the contents of a tin to 
one gallon of water and shake until uniformly 
mixed. 

(6) A. gallon of this mixture will now sterilize 8,000 
gallons of any ordinary clear well or river water 
in 15 minutes. 

(cl Obtain also, a corresponding supply of lb. packets 
of sodium liypo-suljihate. which is n(3arly tasteless 
and combines with all the available chlorine in 
half its weight of chlorinated lime. 

Add one packet of this hypo-sulphate to one gallon 
of w'ater and shake until dissolved. 

{(1) At the expiration of the treatment of the water 
with hypochlorite for 15 minutes, the gallon of 
hypo-sulphate solution is added and the excess of 
chlorine is thereby removed. 

In encampments the water wnuld require to be sterilized 
ill the water carts and these varj’- in size usually from 100 to 
150 gallons. 

As one gallon of the chlorine solution mentioned above 
is sufficient for 8,000 gallons of water, one fluid oz. would 
suffice for 50 gallons. This being remembered, the quantity 
to be added can readily be calculated. Waters containing 
organic matter, such as iieaty moorland waters, require 
more chlorine. 
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(d) C/iforawme-s’—Hypoclilorites iii contact with ammonia 
and amino acids form Chloramines (hTH, Cl) which have high 
germicidal power. They are apparently produced in small 
f|uantitu-s in waters sulnnitted to chlorination. Dakin has 
shown that antiseptic action of hypochlorites depends not on 
thi'ir oxidizing juoperties hut on the action of chlorine on 
liroteins or amino-acids producing chloramine compounds. 
Of tin; more important chloramines now used for disinfecting 
purjKJses are .-—Chloramine T, Dichloramine T, Chlorizine, 
and llalazone. Halazone, a white powder, which is a relatively 
stable com])Oimd of benzoic acid with Chloramine T, has 
ffiiind extended application for field water sterilization. It 
destroys typhoid bacilli in 30 minutes in dilution of 1 part 
to 3,000,000 of water. 

((!) Chhrriimtiitn. — The chlorination of water can be 
eiffcted hy means of gaseous cldorine, or combined chlorine 
in the form of a lupiid or solid. Gaseous chlorine is chlorine 
gas liquified under jiressure and contained in steel cylinders 
with specially contrived exit valves, there heiiig no action on 
the nietnl as the edilorine is in an anhydrous state. The 
combined chloriiu? inchid(? various solutions of chlorine 
]jrepare:delectrolytically such as the alkaline hypoclilorite 
solution sold under the name of chloros, and the solid 
liypochlorite of lime (Bleaching Powder) which contains 
about 35 per cent, of available chlorine. 

Chldkine Gas. 

Chlorine gas is obtained by the electrolytic decomposi- 
tion of salt solutions, the gas after being dried is lic[uifiec] 
under pressure in steel cylinders, each containing about 00 lbs. 
of the h'ciuified chlorine, and also in drums or tank wagons 
wlien large <piantities are required. The best storage is a 
cool dry place away from the direct heat of the sun and away 
from steam pipes and boilers. When the cylindcus arc 
empty the valves should be closed to prevent moisture enter-- 
ing into the cylinders. 
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Tn certain types of a])paratus tlie dry clilorine gas is led 
directly from tbe control mechanism into the water main 
or aqueduct. This method is open to grave objections as a 
strong local solution may be formed under the crown of the 
pipe and cause corrosion of the water main. The usual 
practice now is to dissolve the gas in a certain quantity of 
W'ater and introduce the resulting chlorine solution into the 
main. A certain volume of the chlorine gas is dissolved in 
a tank with a known volume of water and a strong solution of 
01 is then soon made up, the gas, owing to its high solubility, 
being quickly absorbed. 

For regulating, measuring and dispensing the chlorine 
gas, the Paterson Engineering Co. have invented the Chlo- 
ronome which has the necessary pressure reading, flow control 
and metering arrangements, with a moisture seal for pre- 
venting corrosion of the metallic parts, and an absorption 
tower wherein the gas is converted into an aqueous solution. 
Chi r urination plants should always bo installed in duplicate 
to provide against accident or emergency. 

(Since 1912 the use of Cl gas for the sterilisation of water 
has been extensively practised all over tlie world and has 
proved to be both eflicient and economical. Its advantages 
are that the cost is very cheap, cheaper than bleacliing powder 
and alk'aline hypochlorite, and the dosage can be suitably 
regulated. The apparatus used is a compact one, Cl gas is 
easily available in a pure state and does not deteriorate on 
kee])ing, and chlorination disp.ensss in many cases with the 
expenditure of vast sums of money over large construction 
works for filtration, and pumping charges for storage 
reservoirs. 

Chlorination of the water must not be considered as a 
substitute for storage and liltration but rather an auxiliary 
process,' which supplements the effects of the filtration. A 
water which is grossly contaminated, and charged with large . 
amount of turbidity and organic matter, algae, etc., would 
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refiuirc* a larg,* dcw« of cliloriiio to sterilize it completely and 
coiisf‘(|ueiitly tile water would acquire a taste due to clilorine. 

It is always preferable to clilorinate the water after 
filtration rathiT tlian before but in case when the construction 
(d ilie water-works are such that it is only possible to clilori- 
iiate till.' water liefore filtration, care has to be taken to avoid 
any fn‘r‘ chlorine from reaching the filters and destroying the 
natural [iiirifying agencies at work in the filter bed. 

Tin.' quantity of Cl usually added varies in practice from 
0-20 to 1-0 parts per million depending on the amount of 
cvrganic matter presc'nt in the water. 

Houston recommends, in certain cases specially when 
time of contact with a normal dose of chlorine is not suffici- 
ently long to elfect complete sterilization, the process of 
siipercliloriuation and dechlorination. 

In superchlorination a much higher dose of Cl than 
is actually required is used to ensure rapid sterilization but it 
is only allowed to act for a short time, and the excess of 
chlorine removed by dechlorination. 

It is important, however, that the chlorine should com- 
plete its work before the dechlorinator is applied as the steriliz- 
ing action ceases immediately after the use of the latter. 

The principal dechlorinators are Sulphurous Acid Gfas 
Sodium Sulpliate, Bisulphate and Thiosulphate. Sulphurous 
acid gas is supplied in cylinders hke Cl and it is measured and 
administered by an apparatus exactly hire the Chloroiiome. 

The other chemicals are solids and are used in the form 
of solutions at the required points, suitable measuring appa- 
ratus being used. 

There are three main objections to chlorination of 
water ; — 

(a) llauy people object to the use of chemicals for 
the purification of water and dislike drinking 
what they call a “ doped water”, but there is 
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absolutely no convincing proof that chlorinated 
water is injurious to health. 

(6) On account of the great success of Chlorine treat- 
ment, Sanitarians are apt to neglect other purifi- 
cation methods and resort to mere chlorination 
as a “ short cut” to purity in case of water supplies 
where filtration is necessary in addition to chlori- 
nation. Either on account of a breakdown in 
the chlorination plant, or neglect in giving the 
proper dosage, at a critical time when the water 
supply is perchance charged with pathogenic 
bacteria, a serious epidemic of Cholera or Typhoid 
may originate from a contaminated water supply. 
(c) The third objection to chlorination is the unpleasant 
taste imparted to the water by an incorrect 
dosage. 

Tastes in Chlorinated Water. 

Houston in hi.s 18th Annual Report to the Metropolitan Water Board 
discu!3.ses at length the genesis and the remedy for the different taste.s 
imparted to water by chlorination. 

There arc three fairly distinct ta.stes imparted to the water (a) chlorin- 
ous ; (6) iodoform ; (c) indeterminate tastes bjr the action of chlorine. 

(a) A chlorinous taste is simply a taste of chlorine and not a secondary 
one produced by the action of the latter on other substances. It is d tie to 
an excess of chlorine and increases with greater dosage. It is not removed 
by Pot. Permanganate which actually makes it more pronounced. The 
only treatment is dechlorination. 

(b) The Iodoform — or chemist-shop flavour is due not to excess of 
chlorine but rather to a small dose of chlorine. It is produced by the action 
of chlorine on other .substances, probably of a phenoloid character. Water 
containing very little oxidisable matter appears to be specially sen.sitive 
so that it cannot be said to be due to the action of 01. on organic matters. 
There is some constituent in the atmosphere at certain times and at certain 
places, probably of a phenoloid nature, derived from gas-works which 
combines with the Cl. and produces this taste. It does not take place if 
the water is not exposed to the air. 

There is no taste to the water at the water-works but sometimes 
genuine complaints are received from people living at distant places that 
the tap water tastes badly though there is no free chlorine in the tap 
water. The coating of the pipes through which the water passes may 
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contain Home phenoloul hotly which fombiiics with the Cl., and produces 
soma “tiHty” compounds. 

Dechlorination lam no efftad on the Iodoform taste hut Pot. Perman- 
ganate. (I in millions) prevents tlie formation of the iodoform taste and 
removc.s it when fountl. Ho it is both a taste prevtmter and ta.ste remover. 

(r) Tht‘ rndetorminate tastes are the earthy, bricky, mouldy ta.stes 
often imp.irted to chlorinated water which arc also obtainerl in untreated 
water. 

(7) Va,illaTd’.H rod, wliite and blue tablets form 

a valuable inotliod of rendering water safe in districts, where 
no other form of protection i.s avuiilable. The red tablet con- 
sists of tartaric acid (O-J. gin.), the white of sodium hypo- 
sulpliate ((1*13 gm.) and tlie blue of xiotassium (O'l gm.) 
and sodium iodide (0- (HO gm.). Method of use: — For one 
litre (,)f water dissolve one red and one blue tablet in 2 
or 3 l;tMi‘s])Oons of cold water and add this solution to the 
litre of water, shake and mix well. The water becomes 
}'elIovv d,ih‘ to free iodine. After 10 minutes, add one white 
tablet when, us a r(fstilt, the water becomes colourless, due 
to the formation of iodide. The amount of iodine liberated 
in the above process is GO m.ni., aiid iodine in the strength 
of 23 m.ni. per litre of water will kill with certainty the 
bacillus of Tyjihoid, the B, Coli communis and the Cholera 
vibrio in from 5 to 10 minutes. It is essential that tlie opera- 
tion be carried out as above described. 

Purification of Water bv Ozone. 

Ozone, the so-called active oxygen, which is formed from 
the oxygen of the air by the silent discharge of high tension 
electricity tlnougli perfectly dry air, has jiroved to be a good 
medium for sterilizing water. AVhen dissolved in water it 
kills the greater part of the bacteria and then escapes again 
from the water, without influencing the taste or smell, since 
it decomposes to ordinary oxygen. Many designs of plant 
have been proposed and used. 

The general princijile is that the water is treated with 
aluminium sulphate before entering the purification cham- 
ber and the air drawn into the ozone producer is first of all 
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dried l)y the use of calcium chloride or hy refrigeration. 
After treatment with alum, the water is passed through 
mechanical filters. To the Petrograd water works is attach- 
ed the actual ozone plant which consists of two parts, the 
ozone batteries and the sterilizer. 

In the ozone batteries, the oxygen of the air is converted 
into ozone by high tension discharges. The concentration of 
ozone amounts to about 1 grain per cubic foot of ozonised air. 

The movement of the air through the ozone batteries 
and pipes takes place by the aid of the so-called emulsifiers 
(Otto’s system). These emulsifiers are water-jet air pumps, 
which by means of a water pressure of about 160 inches 
suck the ozonised air out of the ozone batteries and bring 
it mixed with water into the sterilizer. 

The absorption of the ozone and the consequent sterili- 
zation of the water takes place partly in the emulsifiers 
placed near the sterilisers and partly in the agitators from 
the bottom of which the ozonised air rises to the top in a 
very fine state of division, and therefore in very intimate 
contact with the water. From the emulsifiers and sterili- 
ser.s the water passes over a cascade to a pipe which leads 
it to a pure water reservoir, from whence it passes to the 
city main. 

In order that the plant may work satisfactorily, it is neces- 
sary that the water to be sterilised contains nO' suspended 
matter and not too large an amount of organic matter, or 
ferrous oxide. 

Where such are present, the ozone is in great part consum- 
ed in the oxidation of the dissolved substances or of the iron. 

As a result of treatment with ozone the water undergoes 
an improvement in taste and colour, its chemical composition 
does not alter essentially, its temperature is not raised and 
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tlie ozone dissolved in the water disappears after 10 minutes. 
Bacteriologically, experiments made by many observers 
show that practically all bacteria, except the more resistant 
spores, are destroyed. 

Chemically, accordhig to Sanna, nitric acid is completely 
destroyed, and 15-43 per cent, of organic matter is oxidised. 
Ammonia present in the water is oxidised. 

Sulphates, carbonates and chlorides are not affected. 

Nitrates and free oxygen show an increase. Hydrogen 
peroxide is not formed. By using suitable amounts of 
ozone, complete sterilisation of the water takes place. 

Steeilisation op Water by the Ultra-Violet Rays, 

It is well known that if white light be analysed into its 
components by means of a prism, beyond the extreme violet 
end of the spectrum, there can be indicated certain rays 
which cannot be perceived as light rays, and are therefore 
invisible, but to which belong powerful chemical acti- 
vities, e.g., towards a photographic plate. That these ultra- 
violet rays also possess the power of killing bacteria has long 
been known. 

Ultra-violet rays are to-day generated by means of the 
quartz mercury-vapour lamp. 

An electric current is sent through the mercury-vapour 
which is enclosed in an evacuated quartz tube; the mercury 
vapour thereby glows and sends out ultra-violet rays wdiich 
have the property of passing through quartz though they 
are absorbed by glass. 

The lamp is contained in a cast iron cyliiider divided 
into compartments, the w’^ater entering at one end and flowing 
in close proximity to the lamp. There are bafflers to agitate 
the W’-ater during its course and by an automatic device the 
circulation of water stops when the lamp goes out. 

The lamp is immersed in the water so as to bring it in 
close contact and to enable the rays to be used up on all 
sides and also for the pm-pose of keeping the lamp cool. 
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In tlie more recent installations, an improvement lias 
been effected wbereby a small space intervenes between the 
lamp and the circulating water, whereby the amount of ultra- 
violet rays radiation is much greater than in the old appara- 
tus in which the lamp was immersed in water. 

Nogier in conjunction with Thevenot and Courmont 
made researches in the power of the ultra-violet rays 
emitted from a mercurio vapour electric lamp to sterilise 
drinking water. The earlier experiments showed that the 
rays have little penetrative power in non-limpid waters 
and that the presence of colloidal matters practically nulli- 
fied the action. Further experiments showed that water 
which contained 100,000 B. Coh communis per c.c. was 
completely steriHsed in one minute. A' similar result followed 
double this number of B. Coli communis. 

Typhoid Bacilli die in 10 to 20 seconds. Cholera Vibrios 
in 10 to 15 seconds, and resisting spores from 30 to 60 seconds. 

Only clear water, without turbidity or colour, is sterili- 
sable in this manner. 

It was formerly thought that the action of the ultra-violet 
rays rested on the formation of hydrogen peroxide or ozone. 
Such is not the case however. Such compounds have never 
been shown to be present. The taste, smell, temperature 
and chemical properties of the water are in no way appre- 
ciably altered by the rays, and many experiments on animals 
have demonstrated the complete harmlessness of the waters 
so treated. 

Many installations have been fitted abroad in houses, 
hotels, swimming baths, steamshij)s, &c., but it has not been 
used on a large scale to a great extent as it is expensive 
and cannot compete with chlorination. It is not able to main- 
tain a high efficiency if the physical characters of the siuface 
water deteriorate, a time when the necessity of purificatiou 
is much greater than in normal times. 
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Sterilisation by Catadyn, 

Catadyn, a recent invention, lias been claimed to be a 
safe, economical and certain method of sterilising water. 
Investigations by scientists have to a great extent proved 
its great value in purifying water, but its real merit for use 
on a large and small scale will only be settled after some years 
of practical experience. 

The word Catadyn is a contraction of “ Catalytic-Dyna- 
mic” on which action the success of the process is supposed to 
depend. It was known for a long time that water stored in 
copper vessels acquired after some weeks germicidal proper- 
ties. If such water was artidcially infected with bacteria, 
they were killed. Instead of copper, metallic silver is 
used in catadyn, and it consists of highly active metallic 
silver fixed in a non-colloidal state upon suitable carriers 
usually in the forms of beads. A^Tien immersed into water 
very minute quantities of silver go into solution and form silver 
ions. The ions attract the oxygen dissolved in the water, 
and an “electrical tension” is set up between the silver 
ions and oxygen, and it is supposed that bacteria coming 
into these “ tension fields” are killed off. The attraction of 
oxygen by silver is the catalytic, and the formation of silver 
ions is the dynamic action. Hence the origin of the word 
catadyn (Catalytic-dynamic action). 

The loss of silver as determined by experiments is so 
infinitely small (about .000015 grm. per litre of water 
treated), that Catadyn will last for several years to- 
gether. It is said that no ill effects can result from 
drinking large quantities of this water on account of the ver}!- 
small quantity of silver. The time of contact of catadyn 
needed may vary from a few seconds to a few minutes, and 
the catadynised water is not only itself sterile, but is highly 
charged with silver ions which render the water bactericidal 
and capable of sterilising raw infected water when it is mixed 
with it in varying proportions. Its bactericidal powers can 
be gauged from a report of the Haffkine Institute in which 
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the steriliser was capable of killing 3,000,000 B. Coli per 
c.c. and 5,000,000 B- Dysenterias per c.c. 

The advantages claimed for Gatadyn are its low cost, 
permanent service, minimum of attention required and no 
upkeep, no risk of over-dosage, and that the colour, taste, 
and smell of the water are not affected. It leaves the water 
richer in oxygen, and thus improves the taste of flat waters. 

On a large scale, for the disinfection of the water 
supply of a town, it is claimed that the water can be led, 
during its course, into a tank containing Gatadyn, the period 
of contact of the water with Gatadyn being not more than 
a few seconds. Water thus treated would acquire bactericidal 
properties which would enable it to kill any bacteria which 
may subsequentally accidently contaminate the water in its 
transit to the places of distribution. In the case of turbid 
waters, previous filtration is necessary to prevent the deposi- 
tion of the sediment on the silver, which would stop the 
action. 

On a small scale for domestic purposes, or for travellers, 
sterilisers are obtainable as pitchers or boxes which contain 
the beads coated with metallic silver. The pitcher is filled 
up with ordinary water and kept standing for two hours; 
after which it is found to be sterile even if it had been previ- 
ously heavily infected. Gatadyn can be used not only for 
sterilising drinking water but for various other purposes, e.g., 
washing fruits, salads, and other foodstuffs, dressing cuts, 
sores, wounds, and hands, cleaning plates, babies’ bottles, 
swimming baths, etc. 

Special Treatment op Peaty WateRvS. 

Many peaty waters have a plumbo-solvent action 
and various devices have been adopted to overcome this 
difficulty. Previous reference lias been made to this subject 
(see page 281). The following is the method adopted 
in Paignton. The water supply to this tovTi comes 
from a moorland gathering ground on Dartmoor and, 
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thougli otherwise of good quality, it had formerly, in 
common with more or less all moorland waters, a 
very solvent action on lead. In 1909 special filters were 
installed, and continuous tests since made show that the 
water is now non-plumbo-solvent and fit for dietetic pur- 
poses. The special filters first remove from the waters the 
peaty solids in suspension, and afterwards render it non- 
plumho-solvent by passing it tlirough a chamber contain- 
ing magnesium oxide, a material which has, after exhaustive 
trials, been found to be the most rehable substance yet dis- 
covered for destroying j)lumbo-solvency when used on the 
system of the Candy Filter Company of Westminster. 
Finally, the water is oxidised and purified by a layer of 
polarite (also contained within the filter) and then discharged 
into the clean water tank. Magnesium oxide, which is a 
hard granulated substance prepared by the Candy Filter 
Company, dissolves very slowly and in terms of hardness 
is more efficient than lime or chalk. The depth of the layer 
of magnesium oxide in the filter is in proportion to the acidity 
of the water and the filter is so arranged that, as the oxide 
is slowly taken up by the water, it can be replenished at 
intervals (once every week or two is sufficient) by a little 
more being added through a special charging door provided 
in the filter for such purpose. The filtered water was sub- 
jected to the usual chemical tests and showed free alka- 
linity with phenolphthalein, as compared with free acid 
with the untreated water, and 3 degrees of hardness in the 
treated water as compared with • 6 in the water direct from 
the impounding reservoir, thus satisfactorily indicating that 
the soft character of a mineral water may still be retained 
and yet the water be rendered non-plumbo-solvent by 
passing through the Candy special filter. The system is 
extremely simple and a distinct advance on the usual 
chemical processes for the removal of plumbo-solvency, as 
it entirely does away with the trouble, uncertainty and 
unreliability attendant upon the ordinary chemical and mixing 
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gauging appliances, macHnery, small pumps, etc., and it lias 
the great advantage of combining in one filter three different 
processes, viz., straining, rendering non-plumbo-solvent, and 
filtering and oxidising the water. 

Removal of Iron. 

- Certain waters may contain iron in greater or less quan- 
tities. When freshly drawn, the water may be quite clear 
but later it becomes turbid owing to the separation of a 
brown precipitate due to conversion, by the oxygen of the 
air, of the ferrous salt into an insoluble ferric hydroxide 
with evolution of carbon dioxide. 

Although not really objectionable so much from the 
point of view of effect on health, it is so from that of appear- 
ance and on account of the deposit in the pipes and 
reservoirs. Three methods of remoiung the iron are used, 
based on the following principles : — 

{a) By contact with air of the ferrous sale, the oxygen 
in the air oxidises this salt into an insoluble ferric salt. Con- 
sequently, the water may be well aerated and subsequently 
filtered. 

(b) Since carbonic acid keeps the iron in solution, the 
precipitation of the iron may be effected by combination 
of the carbonic acid with Hme. 

(o) If the iron is present in the water in a colloidal form 
(organically combined), a coagulant such as aluminium 
sulphate or ferric chloride may be em^doyed. 

Removal of Manganese. 

Manganese, like iron, can be removed by aeration, but 
it separates out with greater difficulty, since in the process, 
of aeration some soluble manganese compounds form. 

For the removal of manganese (and also of iron), Permutit 
(seepage 280), has recently been recommended. It is a 
complex compound of sodium, aluminium and silicic acid. 
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occurring in nature. It is artificially produced by melting 
aluminium silicate with sodium carbonate. 

It will remove lime, magnesia, manganese or iron from 
water when such water is slowly filtered through it. 

Removal of feee Carbonic Acid. 

If water contains much free carbonic acid, it may have a 
deleterious action on the concrete walls of storage reservoirs 
and on iron pipes. Three methods can be used for its 
removal : — 

(a) The -water is allowed to flow through limestone 
The free carbonic acid is thereby converted into calcium 
bicarbonate. 

Ca CO3 - 1 - Hs 0 -h COo - Ca (HOO3 )2 . 

(b) Caustic soda or sodium carbonate is added to the 
water in calculated amount, according to the estimated amount 
of carbonic acid. The free carbonic acid is converted into 
a bicarbonate. 

CO3 + Ha 0 + Nao CO3 =2 Na HCO3 . 

(c) Allow the water to rain down in a fine state of sub- 
division, or to trickle slowly over coke, glass or gravel. 

The disadvantage of this system is that it increases the 
amount of oxygen in the water and this causes severe rusting 
of iron pipes. 

Influence of Storage of Water prior to 
Filtration. 

The researches of Dr. Houston, Director of Water 
Examinations, Metropolitan Water Board, have- demon- 
strated the great value of storage prior to filtration. In his 
third report to the Metropolitan Water Board, Dr. Houston 
states that adequately stored water is probably incapable 
of causing epidemic disease. He does not advocate super- 
cession of filtration, but rather storage plus filtration, and 
in support of this view he advances what is termed the triple 
plea in favour of the safety of stored river water. 
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Tlie three processes which make for the purification of 
water under storage conditions are chiefly (1) Sedimentation^ 
(2) Equalisation and (3) Devitalisation. 

(1) Sedimentation , — This per se is insufficient to produce 
the desired results, but settlement even for less than 24 hours 
has a considerable purifying effect. 

(2) Equalisation . — ^If the water destined to be stored 
were, to begin wdth, of uniform composition and contained 
the organisms of water-borne disease in uniform distribution, 
no equalisation in the sense meant could take place. But, 
as judged by the usual chemical and bacteriological tests, 
the quality of a river vrater varies enormously from time to 
time ; it therefore need scarcely be said that mere storage, 
on purely physical grounds, undoubtedly smooths over (levels 
as it were) abrupt fluctuations in its quality. 

Moreover, even sew-age polluted rivers do not uniformly, 
or of necessity, contain (in ascertainable numbers) the micro- 
bes usually associated with water-borne diseases (e.g., Typ- 
hoid). 

(3) Devitalisation . — This is a factor of sujueme impor- 
tance, The destruction of the microbes of epidemic disease 
in water is merely a question of time. It is known to vary 
with the temperatme, and no doubt is also influenced by 
many other factors, such as the prevalence of competitive 
organisms or their products. 

To secure the absolute elimination, of these pathogenic 
bacteria, several weeks’ storage may be required, but for 
all practical purposes provision for 30 days’ real storage is 
ample, that is when dealing with sources of supply compara- 
ble to those of London, Strong confirmation of the beneficial 
effect of storage has lately been obtained by the experi- 
mental proof that 'uncultivated” bacilli succumb in raw 
river water at a more rapid rate than their “ cultivated” 
brethren. It is strikingly obvious from experiments that 
temperature is an important factor bearing on the vitality 
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of tKe Typhoid baeilliis in river water, and the lower the 
temperature, within, the limits stated, (0°C fco 37°C), the 
longer does this bacillus show evidence of its existence or 
vitahty. During the cold months, therefore, it is specially 
desirable that the water should be adequately stored antece- 
dent to filtration. 

Summary of the Chief Points shoiving the advantages 

ACCRUING FROM THE SIMPLE STORAGE OF 
RAW RIVER WATER. 

(1) Storage reduces 

(«) The number of bacteria of all sorts. 

(b) The number of bacteria capable of growing on agar at blood heat. 

(c) The number of bacteria, chiefly excremontal bacteria, capable 

of growing on bile-salt medium at blood heat. 

(d) The number of coli like microbes, 

(e) The number of typical B. Coli. 

(/) The amount of suspended matter, colour, ammoniacal nitrogen 
and oxygen absorbed from permanganate. 

(g) The hardness. 

(2) Storage alters certain initial ratios, e.g.^ 

{h) It reduces the number of typical B. Coli to a proportionately 
greater extent than it does the bacteria of all sorts. 

(i) The colour results improve relatively to a greater extent than 
those yielded by the permanganate test. 

(3) Storage if sufibciently prolonged, devitalises the 
microbes of water-borne diseases. 

(4) Storage produces a marked levelling or equalising 
efiect. 

(5) An adequately stored water is to be regarded as a 
safe water, 

(6) The use of stored water permits of a constant check 
being maintained on the safety of a water supply antecedent 
to and irrespective of filtration, 

(7) The use of adequately stored water renders any 
accidental break-down in the filtering arrangements much 
less serious than might otherwise be the case. 
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While these are the advantages, there are certain real 
potential disadvantages. 

(j) Soiiietimes alg® develop to such an extent in storage reservoirs 
as to interfere seriously with filtration processes and in some 
cases the water may acquire a fishy taste and odour. These 
troubles may be combated by the use of copper sulphate (2-10 
lbs. per 1,000,000 gallons) under skilled supervision. In certain 
cases Houston found that the use of permanganate of potash 
(2| — 51bs. per 1,000,000 gallons) in the case of London’s supply 
destroyed the taste in a few minutes. Such treatment, however, 
requires expert advice. 

The results observed in connection with the storage of 
London water quoted by Houston must not be read as neces- 
sarily applicable to cases in general, especially if climatic 
conditions are not comparable. 

Experiments conducted by Colonel Clemesha prove that 
within a period of 8 days the beneficial effects of water storage 
become evident. Experiments made in Madras to distin- 
guish between the effect of storage alone, and storage in 
combination with sunlight, have proved that during the 
first 4 days of storage there is a very considerable and rapid 
diminution in the number of bacteria, the maximmn reduc- 
tion reaching about the 8th day. There was similarly a 
great reduction in the number of lactose fermenters. There 
was no consistent difference between the combined action 
of storage and sunlight and storage alone. It would appear 
that under tropical conditions storage for a short period 
of 5 to 8 days has beneficial effects. 

The Filtration of Water. 

This must be considered from two points — whether the 
filtration is required on a small or a large scale. 

Domestic Filtration. 

There are two systems of domestic filtration, m 2 .,the low 
and the high pressure system. In the latter, the filter is 
directly attached to the water pipe and the pressure is derived 
from the main. In the former the pressure is merely that 
derived from the water lying on the filter bed. 
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The best bigb pressure filters are the Pasteur-Chamber- 
land and the Berkefeld. 

The Pasteiir-Chamberland consists of a candle or cylinder 
of fine grained unglazed porcelain enclosed in a metal jacket. 
The cylinder is closed above and terminates below in a nozzle. 
Between it and the metal jacket there is a space both above 
and on all sides. The water under pressure from the main 
enters the metal jacket and circulates round the cylinder 
and passes from wnthout into the interior of the candle to 
be delivered via the nozzle as purified water. The rate 
of filtration depends on the pressure. 

The Berlcefeld is somewhat similar in design. The candle 
is composed of compressed infusorial earth. It is thicker 
but at the same time more porous and much more liable to 
fracture than the Pasteur-Chamberland, 

After prolonged use, the filtering capacity of both types 
becomes much lessened and the filtrate ceases to be so good 
in quality. The former is due to the clogging of the filter 
by suspended matters arrested on the surface and the latter 
to organisms growing through the filter. 

The cylinders should be periodically cleansed (every 3rd 
day) by brushing them in hot water and subsequently steri- 
lising them in boiling water. 

Clarification of the water prior to filtration greatly 
prolongs the life of the candles. 

It should, perhaps, be unnecessary to state that the de- 
velopment of the slightest crack in the candles renders them 
useless as filters ; yet one often sees cracked candles in use. 
This point should always be carefully attended to and one 
must always remember that the candles require careful 
handling. 

The water pressiure should not be more than one or two 
atmospheres, and should not act jerkily, since such pressure 
assists the passage of bacteria through the filter. 
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Slow Filtration without Pressure erom the Main. 

Of recent years the Berkefeld and other companies have 
placed such filters on the market. They require most careful 
attention to cleanliness and the preliminary use of coagu- 
lants if the water is at all muddy. 

The number of difierent forms of domestic filters is legion. 
They are all based on the filtration of the water through 
some porous material, with or without the employment of 
increased pressure. Many old pattern filters are still sold, 
the majority of which are more or less useless. 

For example, the old carbon filter ; which is composed 
of plastic retort carbon or finely sieved charcoal. The 
charcoal filter oxidises organic matter but does not sterilise 
the water but rather favours the growth of bacteria by adding 
nitrates to the water as w’ell as phosphates, both of which 
act as nutrient media. It attacks putrefactive organic matter 
but allows fresh to pass. Also, as regards removal of tur- 
bidity, these filters are of little use. 

Stone Filters of Sandstone, Pumice, etc. 

The stone is burnt from coarse or fine sand, quartz, lime, 
and magnesium silicates. The clarification of the water 
may be rather good, but the bacteria pass tluough fairly 
readily, at the latest after 2 or 3 days. 

They are slow in action (1 litre per hour) and even this 
yield falls ofE rapidly. 

Asbestos of very fine fibre is used, as a pulp, or compressed 
or mixed ivith other materials. They retain bacteria fairly 
well, but choke up very quickly and this necessitates frequent 
cleansing and sterilisation. 

Polarite, magnetic carbide and spongy iron have all been 
used. 

Filtration on a Large Scale. 

The researches of Houston have shown that efiicient 
storage and filtration are very intimately associated. The 
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objects of filtration are to remove turbidity, taste and 
odour, and to remove very fine suspended matter, low forms 
of animal and vegetable life and bacteria, and organic matter 
in solution— in fact to improve the water physically, 
biologically and chemically. Filtration on the *large scale 
may be by the more usual slow sand process called also 
English filters or by the method so frequently seen in America— 
by the agency of mechanical filters. Sand is the most usual 
filtering medium and many experiments have been carried 
out to determine the best conditions under which such filters 
should work. 

A slow sand filtration plant consists of several beds 
arranged in rows. Each bed is composed of a masonry 
tank, square or rectangular in shape, about 8 feet deep con- 
taining stone, gravel and sand, in varying proportions and 
progressive degrees of fineness from the bottom upwards. The 
layer of sand is usually 12 to 48 inches deep, the coarser sand 
being below and finer above. The sand rests on a stratified 
layer of gravel and stone which are graded in size, the larger 
being below and the smaller above, to prevent the sand from 
passing through to the underdrains. The gravel (coarser 
at the bottom than at the top) is about half a foot in depth 
and the layer of bricks and broken stones 6 inches deep. 
The bottom of the tank is sloped and underdrained to permit 
the clear water to flow a'way in the required direction. It 
is important that the underdrains should be properly con- 
structed to ensure a uniform and not a varying rate of filtra- 
tion throughout the bed. The bottom and sides must be 
perfectly water-tight to prevent leakage and the consequent 
loss of filtered water, and the entrance of polluted water 
from outside. Valves are provided at the inlet and outlet 
to regulate the flow of water on to and through the filters- 
At the inlet a cushion wall is provided to break the force 
of the flow of the water on to the filter and so permit its gentle 
passage on to the sand. 
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Factors to be considered in connection with 
Sand Filters. 

(1) Influence of depth of sand . — ^Within certain limits 
the depth of sand exerts but little influence. The Massa- 
chusetts ■ experiments showed that, with moderate rapidity 
of filtration, one foot of sand appeared as effective as five. 
The sand however should not be less than one foot in depth. 

The usual depth of sand is 12 to 48 inches. A deeper 
sand layer has the efiect of levelling any irregularities in the 
rate of the filtration and in producing a purer -water. 

(2) Size of sand grains . — The larger the size of the sand 
grains, the more quickly does the water .pass through, but 
the coarser sand does not yield such pure germ-free water 
as does the finer. 

There are, however, practical limitations preventing the 
use of too fine sand. If the sand is too fine, the rate of 
filtration is very slow, the filters soon clog and require 
frequent scraping ; this is the case whether the filtration 
be continuous or intermittent — ^though filters used conti- 
nuously require less frequent scraping than those used 
intermittently. 

The sand may be obtained from the bed of a river or 
from sand banks. The sand must be washed to remove any 
clay present, and should not contain any lime as it might 
make the water slightly hard, and cause disintegration of the 
filtering material. 

Hagen, in summing up a series of experiments, says : — 
Both the quality of the effluent and the cost of filtration 
depend on the size of the sand grains. With a fine sand, 
the sediment layer forms more quickly and the removal 
of bacteria is more complete but, on the other hand, the 
finer sand clogs more quickly and the dirty sand is more diffi- 
cult to wash and the expense is thereby increased. With 
very fine sand, it is almost impossible to drive bacteria 
through and the filtrate is practically sterile but the rate 

21 
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is too slow. With a coarse sand, the suspended matter 
including bacteria penetrates further and consequently 
thicker layers have to be removed. The minimum expense 
for cleansing will be secured with a sand which does not 
allow this deep penetration. 

Thresh’s specification for the elective size of sand is that 
the whole of the sand should be of such fineness that it will 
pass through a wire sieve having 400 meshes to the square 
inch, and 80 per cent, of it will pass through a sieve having 
000 meshes to the square inch, and none of it through a sieve 
having 3,600 to the square inch. 

Further, similarity of form in the size of the sand is im- 
portant. The more dissimilar the particles of sand are, 
the more erratically the filter works. 

(3) Bate of fUtratian.—Kooh after many experiments 
came to the conclusion that the maximum rate of filtration 
should be fixed at 2,000,000 gallons per acre per day. 

The more slowly filtration takes place, the purer, as a 
general rule, is the filtrate. The rate varies greatly in differ- 
ent water works but on average it amounts to about 4 inches 
(100 millimeters) per hour {i.e., 60 gallons per square foot 
of surface per day). 

The rate of filtration can be controlled by automatic 
devices or by the hand regulation of valves at the exit pipe 
of the purified water. It is essential that there should be a 
constant steady rate of flow and any sudden variations will 
be detrimental to the successful purification of the water. 

(4) Filtering agents.— Wa-bei in passing through a sand 
filter is subjected to two processes: (a) mechanical and 
(b) chemical, as a result of which improvemenb in its quality 
is effected. 

The chemical action is slight but a certain amount of 
oxidation of the organic matter present in the water does 
take place. This action is probably due to the presence of 
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nitrifying organisms in tlie sand itself as well, as to tlie pre- 
sence of air in the interstices of the sand. The mechanical 
process however is the more important., In this the sub- 
stances which have not subsided, but remain suspended 
in the water, are kept back. 

The real effective agent in removing organisms from the 
water undergoing filtration is the layer of gelatinous organic 
matter which forms on the siuface known also as the “Vital 
layer” and if this surface be removed by scraping, or its conti- 
nuity be affected in any way, the number of bacteria which 
pass through, increases. Frost, water rich in vegetable 
growths, insects, eels, too great a rush of water, etc., may 
cause loss of continuity of this surface layer, which consists 
of diatoms, green and blue algse, bacteria, desmids and 
a n imalculse. 

Hagen states that in the winter it is chie% diatoms, 
and in the spring green algae appear, whereas blue algae 
are more numerous in the hottest months continuing into 
autumn and disappearing in winter. 

This layer is charged with microbial life, and it is by 
these organisms that the nitrification of organic matter 
is effected, and the whole layer assists in arresting microbes 
which may be present in the water. The continuity of this 
surface layer is essential to the efiSciency of the filter. 

Certain experiments carried out showed that over 80 per 
cent, of the bacteria removed by a sand filter were found 
in the upper inch of sand and 55 per cent, in the upper ^ inch, 
(5) Frequency of scraping . — ^After a certain, period of 
time which varies according to circumstances, it is found 
that the output of a filter lessens considerably, in conse- 
quence of which it is necessary to put it out of action in 
order that it may be scraped and cleansed. 

This is done by scraping away a thin layer of sand from 
the top of the filter, the amount removed varying in different 
works but on an average is about one inch. In some works, 
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after the renjoval of the top inch, the underlying sand is 
loosened to a depth of about 8 inches and the filter allowed to 
remain unused for a day or so to permit the access of fresh air. 

The effect of scraping the filter to remove the clogged 
layer is to permit an increased number of organisms to pass 
through when the water is first turned on to the filter again. 
Consequently, after scraping, water should be allowed to 
stand on the filter bed for about 24 hours and the first water 
to pass through after that may be rejected. The object 
of this is to allow the filter to mature again. 

The frequency of scraping depends on the character of 
the raw water, and on the size of the sand particles, the 
smaller the size the more frequently scraping being necessary. 
The rate of filtration and the maximum loss of head allowed 
also have an influence. 

(The “ head of water” is the difference of W’^ater level in 
the filter and in the pure water reservoir.) 

A uniform discharge of water from the filter is most 
desirable, but as already stated, owing to the gra dually increas- 
ing clogging of the filter, the velocity of discharge becomes 
lessened and the fiilter can be kept up to its w^'ork only by 
gradually increasing the ” head of water.” This is best done 
by diminishing the water pressure in the pure water reservoir 
rather than by increasing the amount of water in the filter. 

Apart from scraping the surface, from time to time the 
sand must be replaced by fresh or washed sand. The filter 
is removed down to the layer of gravel, ne^v sand is filled in 
and in some instances this is covered by a layer of the lower 
portion of the old sand which has a sticky nature and which 
accelerates the formation of the surface sediment layer. 

The interval between scrapings must, as has been stated, 
vary largely from a few days to many months. 

(6) Sand washing . — ^In London and Antw^erp the sand is 
washed, on an inclined plane surrounded by a wall, by means 
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of a hose. The sand is kept to the upper part of the plane 
while the water and dirt flow off. In Germany it is washed, 
in a revolving cylinder. 

There are numerous other systems. 

(7) Depth of water on the Filters . — In most European 
cities, the depth of water on the filters varies between 36 and 
52 inches. 

General Remarks on Sand Filters. 

Filters are either covered or uncovered. Open filters have 
the disadvantage that during frosty weather cleansing is 
made more difficult, owing to the freezing of the moist sand. 

Covered filters are far more costly, the gelatinous layer 
is formed much more slowly as it is composed in part of 
organisms containing chlorophyll and consequently needing 
light. On the other hand, in some instances this slower 
growth of algse, etc., is not a disadvantage. 

In countries abounding in mosquitoes, covered filters 
with mosquito-proof openings are desirable, and for this reason 
and to exclude the droppings of birds it is an advantage 
to have covered filters in India. 

In order to permit the air in filters to pass out, so that 
it is not constrained to rise to the top, thus causing a dis- 
tiubance of the filtering agents, tubes for the removal of 
air are let into the side walls. 

In practice, the filters are frequently filled with water 
from below to just above the sm-face of the sand, then the im- 
pure Avater is allowed to flow in from above, and to remain 
at rest for a period of time during which the formation of their 
gelatinous layer is accelerated. 

The filter is then allowed to work and the filtrate is 
allowed to flow away until the germ content has reached a 
certain limit. 

Then the filtrate is permitted to pass into the clear water 
reservoir. 
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Eacli filter fied should have a separate contrivance to re- 
gulate the pace of filtration/ each bed should be small, never 
exceeding one acre in extent, and it is most desirable that all 
filter beds should have separate filter wells for sampling 
purposes in order to see that the bed is working satisfac- 
torily. It is not sufficient that the quality of the mixed 
filtered water is good ; each of the units filtering should be 
in proven and perfect working order. The total area of filter 
beds required in any case is calculated from the quantity 
of water required for all purposes, the rate of filtration, 
plus an allowance for filters out of use for purposes of 
cleaning. 

Investigations have been carried out at the King Insti- 
tute, Guindy, since 1913, to discover the most efficient metho(| 
of water filtration best suited to the conditions in the Madras 
Presidency. 

The water was drawn from a river which, in the rainy 
season, shows countless organisms per c.c., lactose fermen- 
ters being present in .001 c.c., whereas, in the hot weather 
the total microbic count may be reduced to 4,000 per c.c., 
and lactose fermenters may be absent in less than .1 c.c. 

Prior to filtration the water was subjected to storage 
for a short time so as to permit of sedimentation of suspended 
matter. 

As a result of a large series of experiments with sand 
filters it was found that : 

(1) the total bacterial count was reduced twelve-fold, 
the lactbse fermenters being eliminated more readily ; 

(2) the length of life of a filter was 6 to 11 w^eeks, the 
maximum rate of filtration being 4 vertical inches per hour. 
It was noticed however that at intervals there was a sudden 
deterioration in the purity of the filtrate, due to breaks in 
the biological fihn covering the surface, caused by movements 
of frogs or aquatic insects, heavy rain, excessive growth of 
algse, &c. 
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In order to obviate these disturbing causes, the filters were 
covered over so as to keep away animals and prevent other 
mechanical disturbances and. it was found that when the 
filters were protected in this manner, the results were much 
more satisfactory than when the filters were uncovered. 

(1) Bacteriological test showed that uncovered filters 
yielded a filtrate containing 250 to 400 microbes per c.c. 
whilst in the covered filters the filtrate contained only 50 to 
90 microbes per c.c., there being in the latter case a still 
further reduction in the number of lactose fermenters — they 
being absent in 300 to 1,000 c.c. samples. 

(2) The life of the filter was increased from 11 to 21 
weeks, and the rate of filtration from 4 to 6 vertical inches 
per hour. 

(3) The texture of the filtering skin in the covered filter 
was more uniform and not so thick as in the case of the un- 
covered one. 

Numerous experiments have been tried to vary the 
thickness and texture of the various layers of the filter, 
compatibly mth giving a sufiicient support to the biological 
film. It was found that by placing flat tiles on the bond 
system in these layers between the coarse and fine sand, good 
results could be obtained with a thickness of 18 or even 12 
inches of sand. The sand retained in a sieve containing 
40 meshes to the inch proved to be the best. 

As the biological film formed on the surface of the water 
was found to be independent of the amomit of suspended 
matter in the water, the addition of alum to the water prior 
to sand filtration was attempted but the filters clogged rapidly 
and the results were not satisfactory. 

As regards the relative merits of sand and “ gravity 
mechanical filters,” the conclusions are that the sand filters 
give far better results. Slow sand filters yield a purer filtrate 
than gravity mechanical filters and exert a special influence 
upon the lactose fermenters whereas mechanical filters show 
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no such action. The ef&oiency of gravity mechanical filters 
was variahle as it depended on the condition of the raw water 
whereas in the case of the sand filters it did not so depend. 

Mechanical or Eapid Filtration on a Large Scale. 

The general principles of mechanical filters are : — 

(1) the addition of a coagulant Kke alum to the water 
and subsequent sedimentation. 

(2) the filtration of the clarified water at a rapid rate 
through a tank containing a filtering medium. 

(3) washing of the filtering medium periodically when it 
gets dirty by reversing the flow of water and agitat- 
ing the medium. 

Where turbid waters are treated, a coagulant such as 
alum is added to clarify the water before it passes through 
the filter. This assists in forming an artificial filter layer as 
it reacts with the alkaline earths present in the water. 

AI2 (SO4 )3 + 3Ca (HCO3 )2 = AI2 ( 0 H )6 + 3CaS04 + 6CO2 

Most of the flocculent, gelatinous aluminium hydroxide 
sinks to the bottom, and the suspended matter travels with 
it. The flakes still remaining in the water form a sediment 
layer on the filter (Tillmans). 

The amount of alum necessary is 1 to 3 grains per gallon 
of water or 160 to 400 lbs. per million gallons. The amount 
of alum required depends on colour and turbidity of the 
water and varies with the alkalinity, temperature, and 
•amount of CO 2 in the water. 

There are a large number of different systems. 

( 1) The Candy Filter is a filter in which sand and polarite 
(a magnetic oxide of iron) form the filtering medium. A 
closed tank is divided into compartments containing polarite 
and sand. The unfiltered water enters under slight pressure 
and in doing so is sprayed so as to become charged with 
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compressed air. Each compartment of the cylinder is a 
separate filter. A considerable portion of the organic matter 
is oxidised and bacteria are removed. By occasionally revers- 
ing the current the suspended dirt which has been stopped 
by the filter is removed. The filter is successful in removing 
iron and lead from waters. 

In this system no chemical coagulants are used. 

(2) The Jewell Mechanical Filter consists of a steel 
cylinder containing the filter bed which is encased in a second 
cylinder of somewhat larger diameter, leaving an annular 
space between the two. This space is closed imderneath, and 
into it comes the raw water which has been previously treated 
in sedimentation tanks and passes on to the filter bed which 
is composed of sand. 

After passing through the sand, the water is collected in a 
series of tubes and passes thence to the pure water basin. 

The rate of filtration through mechanical filter is about 
100,000,000 gallons of water per acre per day and if pro- 
perly designed and worked there will be 90 to 95 per cent, 
reduction of bacteria. 

There is a regulator tokeep the rate of filtration constant. 
To clean the filter, filtered water is passed through in a reverse 
dhection under pressure, the filter bed (sand) being well 
stirred at the same time so as to effect a thorough cleansing 
of the sand. It is claimed that these filters occupy only a 
small area of ground, they are easily and rapidly cleansed, and 
that objectionable growths cannot take place in the filters and 
there is less risk, therefore, of the water acquiring odour and 
taste. The sand can be easily sterilised if required. 

Mechanical filters require skilled supervision to be 
worked satisfactorily as the quality of river water is liable 
to change from hour to hour, and day to day, and only cons- 
tant examination will reveal the correct doses of the coagulant 
and ensure the proper control of the plant. 
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Slow Sand Filtration vs . Eapid Filtration. 


Slow sand filtration, 

1. Initial cost of outlay large ; 

maintenance charges small. 

2. Preliminary treatment not 

necessary but may be used 
in special cases. 

3. Rate of filtration 2,000,000 

gallons per acre per day. 

4. Large area of land required. 

5. Advantageous for waters with 

little turbidity and not 
coloured. 

6. Nitrogenous matter is oxidised 

during filtration. ■ 

7. The process is partly a biolo- 

gical one effected by the 
“Vital Layer” and partly 
mechanical. 

8. When filters are clogged, the 

superficial layer of sand is 
scraped off not to overtax 
the filter and replaced by 
clean sand, 

0. Reduction of Bacteria 99 
per cent. 

10. Colouring matter in water 
little reduced. 


Eapid sand filtration. 

Initial cost relatively small; main- 
tenance expensive. 

A coagulant like alum must be 
added before filtration to produce 
sedimentation. 

Rate of filtration 100,000,000 
gallons per acre per day. 

Much smaller area of land neces- 
sary. 

Useful for waters which are highly 
turbid and coloured. 

No oxidation of nitrogenous matter. 


The process is mainly mechanical. 


When clogged the sand is washed by 
reversing the floAV of water and 
agitating the sand b}’- compressed 
air. 


The reduction of bacteria is less 
uniform — about 90 to 99 per 
cent. 

Nearly all colouring matter re- 
moved. 


Swimming Baths. 

Swimming has become increasingly popular, because it 
is one of the best and most exhilarating form of exercise speci- 
ally suitable for the tropics. It promotes cleanliness and 
ensures the physical development of the body. Great care 
is required in the design and construction of a swimming 
bath and its efficient management. It is not merely neces- 
sary that the physical qualities like taste, appearances, and 
colour of the water should satisfy the aesthetic sense, but the 
water should be chemically and bacteriologically pure, or else 
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it may be a source of infection to tbe people. The diseases 
which bathers may contract through the use of impure swim- 
ming bath water are venereal and skm diseases, conjunc- 
tivitis, and inflammatory diseases of the upper respiratory 
tract, Otitis, Influenza, Diphtheria, Tuberculosis and Enteric 
Fever. It is necessary, therefore, that the water should 
be clean and pure, and that precautions should be taken to 
prevent certain people from bathing. Persons sufiering from 
any infectious disease, skin diseases, sores, etc., should not be 
permitted to enter the bath. Every person prior to ha ving 
a swim should have a full shower bath with soap as to cleanse 
his body. Ample toilet facilities should be available to 
avoid the possibility of people urinating while they are bath- 
ing. The towels and swimming suits should be disinfected 
before use. 

Just as B. Coli is an index of pollution of drinking water, 
so also bath waters should be examined baoteriologically but 
the standard should not be so rigorous as for potable water. 

The water of a swimming bath should be kept fairly 
clean by filtration, and rendered subsequently safe by dis- 
infection with Chlorine, Ozone, Ultraviolet rays or Catad}m. 

Paterson plant for the purification of swimming bath 
water embodies the following features : — 

1. The continuous circulation of the water through 

the bath. 

2. The removal of any coarse matter. 

3. The additions of chemicals to coagulate the colloi- 

dal impurities and to remove any colour. 

4. Filtration to remove the suspended matters and 

coagulated impurities. 

5. iEration of the water. 

6. Sterilisation with a very small dose of chlorine (I 

part in 2,000,000 parts of water), 

7. Keheating of water. 
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Examination of Water. 

Collection of Samples. 

The eellection of samples of water for chemical and 
bacteriological examination requires very great care if the 
results are to be relied upon. 

For chemical examination the water may be collected in 
a Winchester quart bottle which has been thoroughly cleansed 
previously. Class stoppers should be used for closing the 
vessel. 

If for bacteriological examination, it is best to use a Pas- 
teur’s bulb which consists of a glass tube blown out at one 
end to a bulb and drawn out at the other end to a fine point. 
These bulbs are supplied perfectly sterile. They contain 
a partial vacuum and when about to be used they are held 
under water and the thin sealed drawn-out end is broken 
off, thus allowing the water to enter the tube. When the 
specimen has been obtained, the drawn-out end is again seal- 
ed by means of a spirit lamp and the bulb is replaced in the 
special metal case provided. In the absence of Pasteur’s 
bulbs, water can be collected in a sterile 4 oz. bottle and put in 
a Horrock’s box which has a special compartment for ice. 

When taking a specimen from a hydrant or tap, the water 
may be allowed to run for a few minutes before taking the 
sample, unless in the case of the latter, the object is to test 
for lead. If from wells with pumps, the pump should be 
worked for a few minutes before taking the samples. In col- 
lecting samples from a tap or pump or hydrant, it must be 
remembered that the tap, etc., may be dirty and care should 
be taken to obviate this source of error. 

If the sample is from a reservoir, then it should always be 
taken from the windward side and from not too near the banlc. 
The bulb should be held well away from the bank by means 
of a rod, and it will be quite easy to fix up an arrangement 
to enable the sampler to break off the fine drawn-out end. 
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Tlie bulb should be held below the surface so as to avoid the 
surface contaminations. 

In taking a sample from a deep well, use a perfectly clean 
weighted bottle provided with an arrangement for pulling out 
the stopper when required. Under no circumstances should 
the stopper be removed from the bottle, or the fine drawn- 
out end of the bulb be broken except for the purpose of taking 
a sample. The part of the stopper which goes into the bottle 
and the drawn-out broken end of the bulb should not be 
touched by hand during the process of collecting the samples. 
Having obtained a sample, from whatever source, it is most 
important that no time be wasted and that the sample, 
packed in ice, be at once despatched to the analyst. The ice 
is to prevent' undue multiplication of the organisms present. 

Any delay in forwarding the sample may entirely vitiate 
the analysis and give an erroneous impression of the qua- 
lity of the water. 

It is most important that the whole operation should be 
conducted in such a manner as to exclude any possible extra- 
neous contamination. 

In the event of a supply of water becoming polluted, it 
may be necessary to examine the whole of the collecting 
ground in order to ascertain the source thereof. To do this, 
one must follow up each stream feeding the reservoir to the 
spring or moorland surface from which it is derived and apply 
the following test to each stream in succession. Obtain a 
sample at the source and also just at its entry into the reser- 
voir and examine both bacteriologically and chemically ; 
if the latter sample is found to be more impure and to contain 
organisms indicating sewage contamination, then follow up 
the stream and note all contributory streamlets and take 
samples just above and below the point of entrance of all 
such. In this manner one may ascertain the source of con- 
tamination, This method is possible only in the case of 
small streams. 
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Minute inquiry must also be made into any liistory of 
illness of any of the employees and others who have occa- 
sion to frequent the gathering ground. 

Inspection must also be made to ascertain the presence 
or otherwise of small villages or isolated houses on the catch- 
ment area. If such be found, one must ascertain the method 
of conservancy adopted and wdere the liquid refuse matter 
is disposed ok Most frequently it is the nearest stream 
where also washing of clothes, &c., is carried out. This should 
be ascertained and samples taken from this stream and also 
from the lake or reservoir close to the point of entrance of the 
stream. One should also ascertain the kind and number of 
the animals kept by the villagers. 

One cannot dogmatically state what should be the com- 
position of a good drinking water or give an absolute value 
to the significance of any one analytical datum. The analy- 
sis mutt be considered as a whole and in relation to the source 
of the water. 

SouaCES OF THE CHLORIDES. 

The chlorine in a water is nearly all in the form of sodium 
chloride. An average of a series of examinations in England 
is as follows : — 

Rain water contains . 22 parts per 100,000, upland surface 
water, 1.10 parts per 100,000, spring water 2.5 parts and 
deep well water 5.0 parts per 100,000. 

Rain water, especially that falling near the sea-coast, 
often contains chlorides. Certain geological formations 
may contain strata bearing chloride of calcium and soda. 
Alkali works and mines may contribute some, wells near 
the sea are often brackish, and finally they may be present 
as the result of admixture with liquid excreta of men and 
animals, as urine contains about 1 per cent, of chlorides. In 
considering, therefore, the significance of chlorides, these 
possible sources must be borne in mind. If they come from 
strata containing sodium and calcium chloride, the water 
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may be found alkaline from the presence of sodium carbonate, 
the oxidised organic matter may be absent or nearly so and 
often there is much sulphuric acid. These characteristics 
are common in deep well water. The amount present may 
vary considerably according to the strata, and it is necessary 
to know the amount normally present for such district, and 
any variation from this would indicate the need for a further 
investigation. When due to admixture with sea water, much 
magnesia and but little evidence of oxidised organic matter 
may be found ; examples of such are sometimes seen in wells 
sunk near the sea shore or tidal rivers. When present, due 
to recent contamination with sewage, they will generally 
be present in marked quantity but not necessarily so and 
there will probably be evidence of nitric and nitrous acids 
and ammonia and sometimes of phosphoric acid, and, if the 
contamination be recent, of oxidisable organic matter. A 
stream fouled by sewage may show different amounts of chlo- 
rine at different periods of the day. As a general rule, con- 
tamination of a water with sewage can never take place without 
increase of chlorides, unless it be by some gaseous ema- 
nations, or unless the normal amount of chlorides in that 
particular geological formation is very high, in which case 
admixture with contaminated surface water or sewage may 
cause an actual decrease in the percentage of the chlorides 
present. It must also be remembered that the presence of 
chlorides does not necessarily signify present pollution : the 
organic matter originally associated with them may have 
been completely oxidised and destroyed. Upland surface 
waters free from animal pollution rarely furnish more than 
one part per 100,000. Some pure waters show 4 to 5 parts 
per 100,000. Wanldyn is of opinion that w^hen 5 to 10 grains 
per gallon are present there is reason to become suspicious. 
Thresh is of the opinion that more than 50 grains of salt per 
gallon is objectionable and that 70 grains should condemn it 
absolutely. . 
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Oeganic Mattee in the Watee. 

The organic pollution in water may be of animal or 
vegetable origin. The former is due to sewage (feces and 
urine) 6n<ling its way into water, and the latter to the decom- 
position of vegetable matter. As there is the possibility of 
pathogenic germs entering the water with the sewage, pollu- 
tion of animal origin is much more dangerous than that of 
vegetable, and it is important therefore to learn not only 
the amount of any organic matter which is foubng the 
water, but also its nature, that is, whether it is due to animal 
or vegetable pollution. 

Under suitable conditions of humidity and temperature 
of the air, organic matter is decomposed into simple compounds 
in various stages by processes of fermentation, putrefac- 
tion and slow oxidation. Organic matter comprises complex 
compounds containing C, H, N, 0 , S, and P. The ultimate 
product of decomposition are CO2, PI2O, free Nitrogen, Nitrous 
and Nitric acids which combine with bases to form Nitrites 
and Nitrates, and odourous gases containing sulphur and 
phosphorus. As there are no ready made tests to distinguish 
between the products of animal and vegetable pollution the 
evolution of methods to distinguish between the two has 
taxed the skill of chemists and forms -a very interesting study. 
The standard method which has evolved from the researches 
of several years goes under the name of WanlUyn, Chapman 
and Hall process, by which the free and saline ammonia 
and albuminoid ammonia are estimated. Besides these two 
estimations, the amounts of chlorides, nitrites, nitrates and 
oxygen absorbed are also taken into consideration in judging 
the purity of water, and an opinion can only be formed by 
compariug the relation the above figures bear to one another. 

Saline and Feee Ammonia. , 

Urea is one of the chief nitrogenous constitutents of 
urine and by the action of Micrococcus Ureae it is rapidly 
converted into saline ammonia thus ; — 

CO (NH2) 2 + 2 H20 = (NH4) 2CO3. 


Albuminoid Ammonia. 


337 


The free and saline ammonia constitute therefore the 
ammonia which exists in solution in water, or combined 
with acids (nitric, carbonic, etc.) or in some easily decomposa- 
ble form. For its estimation the water is distilled and the 
amount of ammonia estimated in the distillate by colorimetric 
methods. ' Special laboratory manuals may be consulted 
for the exact technique for the determmation of the various 
values. 

The exact significance of this is difficult to briefly 
discuss ; generally speaking, the ammonia found in river, 
spring and well water is derived from pollution by animal 
matter, but the mere presence of ammonia in a sample of 
water cannot be held to indicate contamhiation with either 
vegetable or animal organic matter. All rain waters nearly 
contain ammonia, the quantity being considerable near large 
towns, and especially in the first portion of a downpour. 
Many deep wells also contain ammonia, which is generally 
held to result from the reduction of nitrates and nitrites by 
ferruginous soils. The conclusions to be drawn from the 
amount estimated will be described later on after explaining 
the nature of albuminoid ammonia. 

Albuminoid Ammonia. 

Albummoid Ammonia does not exist as such in water 
but it is a purely laboratory product. After the free and 
saline ammonia has been distilled off from a water there 
still remains a certain amount of nitrogenous matter. When 
this water is treated with allcaline permanganate solution and 
distilled again, the latter oxidises the more complex organic 
matter, decomposmg it into simpler compounds and ammonia 
is formed, which distills over and can be estimated. This 
new quota of ammonia therefore is derived from the decom- 
position of the more stable organic matter and goes under the 
name of albummoid ammonia. The relative amounts of free 
ammonia and albuminoid ammonia are very important in 
judging the nature of a sample. 

22 
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It is important to remember that vegetable pollution 
produces more albuminoid ammonia with practically no 
free ammonia, whereas animal pollution shows relatively 
larger amount of free ammonia than albuminoid ammonia. 

Therefore, if there is no free ammonia, or practically 
very little (under . 002 parts per 100,000) and much albumi- 
noid ammonia (above 0.005 parts per 100,000), vegetable 
contamination is indicated and this opmion is strengthened 
if the figures for chlorides and nitrates are low. On the 
other hand if the free ammonia figure is very high (0.005 
parts per 100,000 and above) and the albuminoid ammonia 
also above 0.005 parts per 100,000, with unduly high figure 
for Cl, and nitrates and nitrites, then animal pollution will 
be denoted. 

At times very high free ammonia figures are obtained 
with practically no albuminoid ammonia (below 0.002 parts 
per 100,000). This is not due to animal pollution but to 
other causes, e.g , — 

{a) the water might have passed through a stratum of 
soil containing ammonia salts. 

(b) some iron dissolved in the water might have reduced 
nitrates in the soil to ammonia. 

(c) rain water might have absorbed ammonia from the 
air. 

{d) metal pipes, cement, etc., might have reduced well 
waters. 

On the other hand the albuminoid ammonia may be 
very high (above 0.01 part per 100,000) and the free 
ammonia very low (below 0.001 part per 100,000) without 
there being any suspicion of , animal pollution as many peaty 
Avaters which are safe for drinking purposes show such figures. 

The purest water supplies yield either no albuminoid 
ammonia or more usually only a trace upto O' 002 parts per 
100,000. 
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Oxygen Absorbed. 

In tlie presence of organic matter, Pot. Permanganate 
under favourable conditions parts witli its oxvgen, and is 
reduced to hydrated Manganese Dioxide and loses its pink 
colour. The amount of ox.ygen absorbed by the organic 
matter by the water is therefore estimated from the amount 
of Potash Permanganate used up. This method was used 
for many years^ before the Wanklyn process, to judge the 
purity of water from the amount of organic matter present. 
It had however several disadvantages viz. that besides organic 
matter it was capable of being reduced by other substancss 
in water and that it would part with its oxygen as readily 
to the less dangerous vegetable matter as to the more dange- 
rous organic pollution and it has no constant relation to the 
total organic matter. For this reason this test is not muoh 
relied upon but it is still used as an auxiliary test to 
supplement the information provided by the Wanklyn test. 

The amomit of oxygen required to oxidise the organic 
matter in safe waters will not in general exceed 0 . 1 part 
per 100,000, though here again the limit may be exceeded 
by upland surface waters in which organic matter of an inno- 
cuous nature may exist. A good well water does not often 
absorb more than 0.001 part per 100,000. Certain other 
substances absorb oxygen, e.g., iron salts, sulphuretted 
hydrogen, and peaty upland waters. Slight variations in 
temperature, acidity, and alkalinity influence the readiness 
with wliich the permanganate parts with its oxygen. Tidy 
considers that in the first fifteen minutes the more or less 
easily oxidised animal matters are oxidised, while the oxida- 
tion of the vegetable organic matter does not take place 
for four hours or so. The ease of oxidation is not a very 
reliable index of the real amount of pollution present. The 
Tvater must be regarded as suspicious, if within 15 minutes 
the amount absorbed exceeds 0.1 per 100,000 and in four 
hours if it exceeds 0 . 3 per 100,000, in both cases deduction 
being made for any nitrites or iron salts present. The 



340 


Sanitation in India. 


permanganate does not act upon any fatty substances, 
staroli, sugar, gelatine, luea, hippuric acid or creatinine 
present. 

Niteouen in Water. 

The nitrogen present may be in the form of free nitrogen, 
ammonia, nitrites, or nitrates or as organic matter. 

Nitrites and Nitrates. 

Nitrogenous organic matter undergoing putrefaction pro- 
duces ammonia, and this is oxidised into nitrous and nitric 
acids by organisms in the soil. These acids unite with the 
lime, soda, and potash present, displacing the carbonic acid. 
Some geological strata contain a considerable proportion of 
nitrates, but a large proportion is by no means so common as 
in the case of chlorides. A water may be free from unaltered 
animal and vegetable contamination, but may contain oxi- 
dised products derived therefrom, either as the result of re- 
mote contamination, or due to oxidation which has occurred 
in the soil intervening between the source of contamination 
and the source of the water. The nitrates are the chief of 
these, but much care must be exercised in drawing conclusions 
from the aiiionnt of nitrates present. They may at times 
be derived from the soil the contamination of which is very 
remote, and, on the other hand, in very bad waters the ni- 
trates may be le.ssened as a result of the impurity, blie organic 
matters present reducing these salts to a less oxidised form. 
Again, the amount present may be reduced by the fact that 
growing crops take up ammonia, nitrites and nitrates, and 
further it must be remembered that animal matter decom- 
posing in tlie absence of air or of free oxygen, tends to destroy 
nitrates liberating nitrogen. The Rivers Pollution Com- 
mittee found that animal organic matter produced much 
nitrites and nitrates and that vegetable matter produced 
but little, not being highly nitrogenous and decomposing 
but slowly. The coincidence of easily oxidised organic matter, 
of ammonia, and of chlorine in some quantity would point 
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towards contamination by animal organic matter. If tlie 
water shows the presence of nitrates, but of no nitrites, and 
of but very little ammonia, then either potassium, sodium 
or calcium nitrate is present, probably derived from soil 
impregnated with animal organic matter at some anterior 
date. Nitric acid is the ultimate state of the oxidation of 
nitrogenous organic matter, and when present it is always 
the result of pollution of the water itself or of the stratum. 
The process of nitrification is due to organisms. In some 
soils, especially sands and gravels and in ferruginous soils, 
the process goes on very rapidly and consequently one must 
never omit the test for nitrates, as otherwise organic pollu- 
tion may be overlooked. 

The presence of nitrites indicates the existence of organic 
matter undergoing a change. It may either be a stage in the 
oxidation of such matter, or a retrogression from nitric aeid 
as a result of the latter having yielded up some of its oxygen. 
It is rare to find any of the higher forms of life in a water rich 
in nitrites, though bacteria may be abundant. The presence 
of nitrites in the water of shallow wells or rivers is always of 
grave significance. In deej) wells nitrates may be reduced to 
nitrites, due to iron salts or other innocuous constituents of 
the soil and, as Thresh points out, nitrites may also be formed 
from nitrates by a metal, such as lead or iron forming the tube 
of the pump or the lining of the well. The presence of nitrites 
is always suspicions of sewage contamination, except when 
it is known -that tlie water is of peaty origin. 

As a general rule, water ouglit to contain not more than 
0.5 per 100,000 of nitric nitrogen and no trace of nitrite. 
When the nitric nitrogen exceeds 1 part per 100,000 suspi- 
cion is certainly justified in those ca.ses where the strata 
ma}’- be excluded as the source of the nitrates. The 
coincidence of easily oxidised organic matter, ammonia 
and chlorides would point to organic matter of animal origin 
and if nitrites are present, the contamination is probably of 
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recent origin. The presence of high nitrates in the absence 
of nitrites and a low quantity only of organic matter does not 
necessarily mean that the water is injurious, as unpolluted 
sub-soil water may give this analysis. 

Bacteriological Examination. 

This is of great value in ascertaining the suitability of a 
water for drinking purposes, and by it one can obtain data 
which give information not only as to existing conditions but 
from which deductions can be drawn as to recent harmful 
pollution. The object of a bacteriological examination 
is to ascertain the presence or absence of any organisms 
and, if present, to determine their number and wdietlier 
they belong to the class of micro-organisms which, though 
harmful to man, are yet indicative of animal contamination, 
or whether they are of the class of actual disease-bearing 
organisms, c.g., Cholera vibrio and Typhoid bacillus. 

The detection of these latter in a public water-supply is a 
matter of some difficulty, and in many instances one has to 
rely on the evidence afforded by the presence of organisms 
usually associated with fsecal contamination, either human 
or animal. In reporting on a water analysis, the bacteriolo- 
gical and chemical results must be carefully considered in re- 
lation to one another. As it is only under exceptional circum- 
stances that zj^motio poisons gain entry to a water-supply 
without associated decrease of chemical purity in general, 
it will be found that a water thoroughly pure chemically 
will also be pure bacteriologically. On the other hand, 
a supply which gives bad results on chemical analysis 
should be condemned, as, if free from pathogenic organisms 
on any particular occasion, it must be held to be at least 
liable to contamination with these and- must form a good 
medium for the growth and dissemination of bacteria. It is 
in the case of waters of intermediate purity that a bacterio- 
logical examination becomes of the greatest importance as 
though the amount of contamination may be such as to 
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produce only a small amount of chemical impurity, yet it may 
be sufficient to produce marked bacteriological impurity. In 
both chemical and bacteriological examinations, great assist- 
ance is afforded by a knowledge of the exact soiuce of the 
water, and for this reason it should be an invariable custom 
to give full details when sending a sample for examination. 

The covering letter should state — 

(a) The date and the hour of taking the sample. 

{b) Source of water, well, lake, spring, etc. 

(c) Filtered or unfiltered. 

(tZ) If from tap, pump, etc., how long the water was allowed to flow 
before taking the sample. 

(fi) If from a tap, whether it was direct from the house main or 
through a storage cistern. Nature of cistern. 

(/) If from a well, state whether apparently properly constructed 
and protected, the distance away from nearest visible source 
of contamination. Also how the water is raised from the vs ell. 

If any authentic records of former analysis of water from 
the same source exist they should be furnished, as inform- 
ation may be gleaned from them as to any departiue from 
the normal. 

Various selective and enrichment methods have been 
recommended for isolating Typhoid Bacilli from water. 
After heavily infecting a water in the laboratory with Ty- 
phoid Bacilli the methods of isolation seem satisfactory, but 
in actual practice, water infected naturally contains -a very 
small number of Typhoid Bacilli and the methods fail. 

Recently, however, Wilson and Blair have devised a 
medium which lias special selective properties for the growth 
of Bacilli Typhosus. On this medium B. Typhosus grows 
readily and forms ffat black dry siuface colonies and B. coli 
either doe.s not grow at all or forms some colonies -which are 
brownish, sticky and raised. 

The principle of the method rests “ (1) on the positive 
property of the B. Typhosus of being able to reduce a sul- 
phite to a Sulphide in the presence of Glucose, (2) ou the 
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inHbitory action on the growth of B. Coli of bismuth sul- 
phite in the presence of a certain excess of sodium sulphite.”' 

Bor further details the 23rd Annual Eepcrt to the 
Metropolitan Water Board by Sir A. Houston should be 
consulted. 

As already stated, the isolation of pathogenic bacteria 
from water is frequently attended with the greatest difficulty, 
and water may be grossly polluted with sewage without any 
specific disease-germs being present at all. All sewage 
polluted water is however potentially dangerous, as there is 
the possibility of disease-germs appearing at any time. Bac- 
teriologists have therefore mainly to rely on the detection and 
isolation of excretal and se'wage organisms which though 
not dangerous in themselves are significant as indices of the 
probable presence of disease-germs. The three most fre- 
quently used indicator organisms for this purpose are “ the 
B. Coli group, Streptococci, and Bacillus 'Enteritidis Sporo- 
genes and closely alhed Anserobic Bacteria” (Savage). A 
water supply however should be finally judged on a sum- 
mation of verdicts (geological, geographical, physical, bacte- 
riological and chemical). According to Savage, the conditions 
of a perfect bacterial indicator are — 

(1) It should he abundant in the substances, for which its presence 

serves as an indicator. 

(2) It should be absent, or at least relatively absent, from all other 

sources. 

(3) It should be easily isolated and numerically estimated. 

(4) Its characteristics should be definite and not liable to variation, 

whereby its distinctive characters might be impaired. 

The tliree indicators referred to by Savage are extremely 
abundant in both human and animal excreta and in sewage. 

As regards human excreta, the B. Coli group are present 
to the extent of 100 to 1,000 million or more per gramme. 
Streptococci are equally numerous, while about 1 million 
to 10 million B. Enteritidis Sporogenes are present per 
gramme. 
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These organisms also occur in immense numbers in the 
intestines of all the domestic animals and apparently of all 
mammals. 

The B. Coli group has been found to be abundant in the 
excreta of many birds and fishes. 

Dr. Houston has laid down the following recjuirements, 
which must he conformed to by any microbe indicator sug- 
gested as an indicator of pollution of water : — 

(1) It must be superabundant in excremental matters. 

(2) It must be absent, or px'esent only in comjxaratively small num- 

bers, in water free from undesirable pollution. 

(3) It must be a decadent microbe when divorced from the animal 

body. 

Throughout his observations, Dr. Houston has cho.sen the B. Coli tost 
as the mdicator of water pollution. The typical B, Coli recognised by 
him is one yielding gas in lactose cultures and indol in peptone water cul- 
tures, i.e., lactose and indol.-f. 

Now B. Coli conform.? to all the requirements mentioned above : — 

(1) Since at a low estimate there are 100,000 B. Coli present per 

cubic centimetre of crude .sewage, or 1,000,000 per gramme of 
human faeces. 

(2) Of 1,331 samples of Kent deep well waters examined, 94 per cent. 

showed no B. Coli in 100 c.c., and 

(3) B. Coli removed from the animal body and ke])t at 20°C. either 

in sea water or tap water dies usually in from 3 to 0 days. The 
B. Coli is a decadent microbe when divorced from the animal 
body ; hence its presence in a water in any number probably 
points to fairly recent pollution. 

The term B. Coli Communis does not denote a single 
definite organism but it includes a considerable group of 
distinct forms which may be split up into various sub-types 
by biochemical tests. Ho two bacteriologists therefore 
use the term in the same sense. Savage suggests that the 
expression “ excretal B. Coli ” should be used for organisms 
giving all the following characteristics ; — 

(a) A short rounded bacillus. 

(b) Translucent non-corrugated growth on gelatin slope. 

(c) Hon-liquefaction of gelatin (two weeks). 
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[d] Acid production in litmus milk with coagulation 

(within two weeks). 

(e) Fermentation of lactose with production of acid 

and gas. 

(/> Fermentation of glucose with production of acid 
and gas. 

(g) Neutral red reaction (in glucose media). 

(h) Production of indol in peptone water. 

It is difficult to say where the line should be drawn. The 
different tests have not an equal value : some such as the 
fermentation of sugars, liquefaction of gelatin, and acid 
production in milk are typical and are very important, 
and negative results would exclude the organism isolated 
from being Bacillus Coli at all, whereas the presence of 
motility, indol reaction, the characteristic of gelatin surface 
colonies are subject to such great variations, that negative 
results under these heads would not lead to the significance 
of the organism being diminished on these grounds. 

Hence it is that bacteriologists classify the Bacillus Coli 
into “ typical” and “ atypical ” forms. Of late years there 
has been a growing feeling that such arbitrary definitions 
went either too far or not far enough. The Avhole group of 
lactose fermenters being characteristically of intestinal origin, 
it is clear that the whole class of such organisms sliould 
be absent from safe water supplies. The Colon group may 
therefore be for practical purposes described as including all 
aerobic non-sporing bacilli which produce acid and gas in 
dextrose and lactose media. As these organisms which 
ferment lactose, ferment dextrose as well, the tests may 
be still further ciutailed to positive reaction in lactose fer- 
menting medium. It is usual now in laboratory reports to 
indicate the presence of lactose fermenters in least dilution 
of water. 

Clemesha has shown that most of the waters which have 
to be used in India are simply loaded with fseoal contami- 
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nation and expresses the opinion that a great deal of the pol- 
lution of surface waters is caused by excrement of animals, 
mostly cattle and goats, whereas in England the pollution 
that is most common in rivers has its origin in sewage from 
large towms which we know to be derived from man, and 
he considers this a difficulty in the way of accepting standards 
applicable to England as being equally suitable for India. 

The great rivers of India differ in many important respects 
from those in England, the self-purification of the river water 
being the most important. In England the rivers which 
are the sources of supply of water are comparatively small 
streams, into which the sewage and effluents flow from the 
towns on the banks. The water therefore is largely polluted 
and has to be purified thoroughly before it is potable. The 
rapid current and the presence of very little sunlight make 
the natural self -purification of the water an impossibility. 
In India, on the other hand, the great rivers (the Ganges the 
Mahanudi, etc.) are several hundreds of miles long and the 
current is so extremely slow" that the wnter takes a long period 
to drift from the source to the sea. The to^vns on the banks 
not having regular drainage system, very little of the sewage 
of the town goes into the river, and even this is diluted by the 
large quantity of water, and although along the banks 
there is alw"ays evidence of dangerous and deadly pollution, 
the chmatic conditions are such that the sun’s rays cause 
great amount of evaporation from the surface and cause 
self-purification of the water. 

MacConkey, not being satisfied with the classification 
adopted by most bacteriologists of Colon bacilli into “ typical” 
and “ atypical ” forms, and believing that the so-called 
“ typical ” B. Coli are a complex group including a consi- 
derable number of definite individual types, outlined a new 
classification of the lactose fermenting bacteria based on 
fermentative reactions of the rarer sugars. Using saccharose 
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and dulcite lie first divided the lactose fermenters into four 
groups : — 

(1) Ferments 

( 2 ) 

( 3 ) 

( 4 ) 

Col. Cleniesha, however, recommends proceeding further and by the 
use of the fermentation of adonite, inulin, dulcite and saccharose, the Voges 
and Prosbauers reaction, the indol reaction, the motility test and, udien 
possible, the liquefaction of gelatin test, splitting up the group of fiecal 
bacilli and studying tlie individual species as far as possible ; and thus 
in time he anticipates that one may be able to assign a relative value as 
an indicator of pollution to each of these organisms. 

Col. Clemesha finds both in human feces and in cow- 
dung the prevailing types to be B. Coli, B. Grmithal, and B. 
Coscoroba, the three together usually making up 75 per cent, 
of all the lactose fermenting organisms present. A. very inter- 
esting fact revealed by his investigations was the occurrence 
of “ epidemics ” of particular types which at certain periods 
become suddenly frequent, usually prevaihng in human feces, 
cow fseces, and water supplies at the same time. Clemesha 
made a number of experiments on the relative resistance of 
various lactose fermenters by placing fecal emulsions, witli 
or without sand, in shallow dishes in the sunlight and at 
various intervals isolating colonies of predominant types 
and working out their fermentative reactions. The ex- 
periments showed that B. Coli was the principal type 
isolated in the beginning, it quickly disappeared however and 
in a few hours B. Lactis Aerogenes, B. Acidi Lactici, B. 
Cloacae, and others appeared. At the end of the experiments 
B. Grrunthal or B. Cloacae were generally the only forms 
surviving. 

The moral drawn from, Clemesha’s investigations is 
that in India, in waters stored in warm sunned lakes and 
large rivers, as the sensitive fecal bacilli have an opportunity 
to die out and the more resistant have an ample opportunity 


neither saccharose nor dulcite. 
dulcite but not saccharose, 
both dulcite and saccharose, 
saccharose but not dulcite. 
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of multiplying and increasing, it is not proper to condemn 
any water merely from the presence of the colon group 
without finding out whether it contains the sensitive or more 
resistant types. In view therefore of the natural process 
of self-purification going on in Indian lakes and rivers, 
the utter futility of hard and fast numerical standards of 
pmity of waters is evident. The more one studies the self- 
purification of waters, the more certain one is that it is neces- 
sary to study the hind of organisms rather than their nnmher 
in order to come to a satisfactory conclusion. 

As the result of his experiments Clemesha has divided 
fsecal organisms into three classes according to tlieir power 
to resist sunlight. 

(1) The delicate organisms or those very susceptible 
to the action of sunlight, e.g., B. Coli Communis 
and B. Oxytoccus Perniciosus. 

(2) An intermediate class which occupy a position mid- 
way, e.g., B. Lactis Aerogenes. 

(3) The resistant organisms or those capable of resist- 
ing the action of sunlight for considerable time, 
e.g., B. Cloacse and B. Gmnthal. 

Clemesha very rightly insists on the fact that his proposed 
standards are only tentative ones, and adds that no analyst 
in any country would ever venture to give a definite opinion 
without knowing a few elementary facts concerning the 
source from which the sample has been taken. Such ques- 
tions, as whether the samples are drawn from lake, river, 
well or spring — ^the quantity and date of recent rainfall — 
the condition in the case of a river, whether in heavy flood 
or nearly dry — are matters of great importance to the bac- 
teriologist, who has to pronounce an opinion on the subject. 
Consequently in the application of the method proposed, the 
question the analyst should al-ways bear in mind is — ^w'hat 
chances has this sample had of being exposed to sunlight ?. 
The more exposure it has had, the more will the arguments 
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involved in this method apply to the water, and the less it 
has had, the more guarded must be any expression of opinion. 
To lakes, tanks, ponds, storage reservoirs, settling tanks, etc., 
the method is applicable. The extent to which it applies 
to rivers must depend on the condition of the river itself. 
The extent to which it is applicable to wells, springs and 
underground waters generally is uncertain, and this forms a 
serious limitation to the utility of the method. 

Peoposed Standards. 

Lake Waters. 

Good Lake Water should contain — 

(1) less than 100 colonies per c. c. (on agar at 37° C.) ; 

(2) no lactose fermenters in 20 c. c. ; 

(3) no organisms of class I in 60 c, c. ; 

(4) the few fseoal organisms isolated should belong to 
class II and laotis jerogenes should be plentiful. 

Fair or usable Lake Water — 

(1) should not contain more than 200 organisms per c. c. 
(agar 37° C.) ; 

(2) lactose fermenters should not be j^resent in less tlian 
6 c. c. ; 

(3) no organisms of class I should be present in less than 
20 c. c. ; 

(4) lactis gerogenes should largely predominate. 

A Lake Water is suspicious — 

(1) if it contains more faecal organisms than 1 in a c, c., 
even though these be confined to class III ; as this 
indicates that the lake is very low and conditions 
are suitable for the spread of Cholera. 

A Lake Water should he condemned — 

(1) if it contains organisms of class I in a c. c. or less ; 

(2) if fiscal organisms are present in the characteristic 
proportions seen in fresh faeces ; 
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(3) if lactis serogeiies are absent or scarce. It sliould be 
remembered tliat 48 hours will make an enormous 
difference in the purity of a lake- water. 

Well and Spring Waters. 

A good ivaicr sliould contain — 

(1) no fsecal bacilli in 20 c. c. ; 

(2) no organisms of class I in 100 c, c. ; 

(3) total colonies under 50 per c. c. 

River Waters. 

Good River Water should contain — 

(1) not more than 100 colonies (on agar at 37° C.) ; 

(2) fsecal organisms not exceeding 1 in 10 c, c, ; 

(3) no organisms of class I in 50 c. c. 

Any fsecal organisms present should belong to either 
class III or to the more resistant class II, 

Fair or usable River Water should contain — 

(1) not more than 300 colonies (on agar at 37° C.) ; 

(2) not more than 1 in 1 c. c. of faecal organisms and no 
organisms of class I in less than 20 c. c. 

The faecal organisms present should consist mainly 
of mixtures of class III and class II and there 
should be a tendency for one class of organisms to 
preponderate. 

River Water shoidd he condemned — 

(1) if total colonies are more than 800 (on agar 37° C.) 

(2) if lactose fermenters are present in number of 10 to 
100 per c. c. ; 

(3) if organisms of class I exceed 1 in 5 c. c., or if the 
faecal organisms isolated (class I being absent) are 
rich in varieties, such as occur in an emulsion of 
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As lactose fermenters are frequently present in very 
small quantities of water obtained from sources which are 
known to be free from dangerous pollution, the interpretation 
of results of bacteriological examination of water is rendered 
very difficult, Taylor has suggested the Ejkman’s test, 
which consists in adding the water in various quantities, to 
Durham’s fermentation tubes containing Peptone, Gl-lucose, 
and Sodium Chloride, and incubating at 46°C. He finds that 
the Ejkman test gives more definite value than the test for 
lactose fermenters at 37°C, and his results show a marked 
correspondence with the knovm risks of pollution, pure waters 
giving a negative result in quantity upto 300 C. C. 

The following standards for waters in the tropics have 
been suggested by Taylor {vide Indian Journal of Medical 
Eesearch Vol. XVIII No. 4, April, 1931) : 

(a) Surface, water and shallow wells. Ejkman test to 

be negative in quantities of water less than 50 C. C. 

(b) Tube wells. Ejkman test to be negative in quantities 

of water less than 100. 

Discussing the value of the three groups of organisms used 
as “indicators,” Savage {The Bacteriological Examination 
of Food and Water, Cambridge Press, 1914) states — 

All three groups of organisms are abundant in crude sewage. The 
actual number found will of course vary greatly with the strength of the 
sewage, but the data given by Houston give average figures. These are — 
B. Coli and allied form.s , , . . . . 100,000 per c. c. 

Streptococci 1,000 to 10,000 „ 

Spores of B. E, Sporogenes . . . . 100 to 1,000 „ 

Experiments go to show that members of the B. Goli group are only 
present when the soil has been contaminated with excrementitious matter, 
and that virgin soil and soil not manured are free from these organisms ; 
further, that these organisms gradually die out in .soil. 

In quite pure water, pure air, etc., B. Coli group does not occur. 

The organisms of this group do not multiply to any great extent under 
ordinary natural conditions outside the animal body. 

As regard.s the saprophytic distribution of streptococci, there is no evi- 
dence that streptococci have any true home, under natural conditions, 
apart from the animal body. 
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Outside the animal body, they may survive for considerable periods 
but do not thrive. The evidence as to the duration of viability and vitality 
outside the animal body is somewhat conflicting, but in general, it would 
appear that the majority are delicate organisms and rapidly die out, though 
a small number of hardy strains may persist for very long periods. 

Bag. Entebitidis Spobogekes. 

In considering the value of this organism as an excretal indicator, it 
must be remembered that it is a spore-bearing bacillus and that its spores 
are very resistant. Animal excretal pollution is so widespread that it is 
not a matter of surprise that such a highly resistant organism should be 
widely distributed in nature. The available evidence shows that it is 
absent or relatively absent, from sources which have never been con- 
taminated, but that it is fairly prevalent in sources the pollution of which 
had taken place possibly at a long antecedent period. These considerations 
obviously place a considerable limit to its usefulness. 

Ice and Infection. 

Freezing inliibits the growth, of bacteria but does not 
necessarily kill them. Macfadyen found that: liquified air 
( — SIS^F) did not kill bacteria, and Typhoid cultures have been 
proved to be alive even after freezing. Hence the suspicion, 
that ice may be the cause of spread of infection. 

There are a few instances recorded in the literature, of 
diseases being conveyed by infected ice. The Typhoid Epide- 
mic in Plymouth in 1886, at Rennes in 1896, and in St. Law- 
rence State Hospital in 1903 have all been traced to ice. 

Ice prepared from boiled or distilled water is safe. Occa- 
sionally manufactured ice has been found to contain more 
bacilli than the water from which it was prepared, evidently 
due to unclear, methods of preparation. 

Ice may contain more free ammonia than the original 
water due to the absorption of the gas from the atmosphere 
of factories where the ice is manufactured. 

In India it is common to see the sawdust used to cover 
the ice being spread on the footpaths to dry up. The chances 
of the sawdust being contaminated by sputa and excrements 
on the pavements, and the subsequent infection of the ice is 
possible. There should be no carelessness in handling ice 
23 
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on tlie ground tliat subsequent cleansing of the ioe will remove 
any surface impurities. 

Protection of Water Supplies. 

When discussing reservoirs, mention has already been 
made that one must protect the gathering ground of any 
reservoir, as far as possible. No cultivation of the land should 
be permitted, nor should any human habitations, other than 
those necessary for the care-taker or workmen employed, and 
these must be constructed in such a situation and so drained 
as to make it impossible for the water supply to be con- 
taminated from this source. 

The area should be well wooded and, where possible, 
fenced off. 

No mining or manufacturing operations should be per- 
mitted within the area. 

In many countries, to control a gathering ground in this 
manner is a very difficult, if not impossible task, but in India 
this objection has not quite the same weight. 

In regard to wells, the preoaution.s to be adopted have 
been fully enumerated already. 

' When the water-supply of a town or village is taken 
from a river, certain precautions are necessary in addition to 
those mentioned ; especially in India, where so many religious 
ceremonies are so closely associated with certain rivers at 
which the village washing and personal ablutions also take 
place. 

The river should be mapped out into three parts. The 
uppermost portion should be strictly reserved for drinking 
water and water for domestic purposes, e.g,, cooking, wash- 
ing cooking utensils, etc. The portion immediately below 
this, in the direction of the flow of the stream, should be re- 
served, for personal ablutions and the third and lowest portion 
for washing clothes. 
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In the presence of an epidemic of Cholera or Typhoid, it 
may be necessary to take more active measures. 

Frequently, the bathing- is carried out in pools along 
the river’s edge, and as the bathers use the water to cleanse 
their mouths — and even drink it — ^these pools should be 
disinfected with potassium permanganate, as should also the 
pools in which the clothes ssce washed. Efforts should be 
made to instruct the bathers in the risks they run by swallow- 
ing the water. This can best be done by addressing senior 
men and enlisting their aid. Provision should be made also 
to supply pure, boiled and aerated water to the bathers by 
establishing small depots, due observance being paid to 
religious prejudices, etc. 

It is of the utmost importance that water pipes should 
be laid well away from drains and closets and that the pipes 
be laid as far as possible in straight lines, and that they be 
well supported in their course so as to prevent sagging-. and 
consequent risk of the opening of joints. 

All overflow pipes from cisterns must be made to discharge 
into the open air and not permitted to be connected to a 
drain. ^ 

No water-closet should be directly supplied by a tap : a 
cistern must always intervene, as otherwise foul air and filth 
may possibly be drawn into the pipe. 

Bombay Water Works. 

The City of Bombay is supplied from three different 
lakes situated at some distance from the City, viz., Vehar, 
Tulsi and Taiisa. 

The Bomhay waters are chlorinated at Bhandup, the dosage varying 
from 0*4 to 0-8 parts per million. The chlorination is effected by making 
a strong solution of chlorine in a cement concrete tank (strength 1 in 1,500) 
and regulating it into the main. Two miles down the w'ater is tested for the 
amount of available chlorine, and rate of entry of the chlorine solution 
adjusted. 
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Vehar Lake. 

Vehar Lake has a gathering ground of 2,500 acres. Its full 
capacity is 9,120 million gallons. The mean rainfall for 
several years past is 84*70 inches. The water of this lake 
is conveyed to the City by means of two cast-iron pipes, 
one of 24 inches diameter and the other 48 inches reducing to 
32 inches diameter. The 24gincli pipe discharges direct 
into the distributing mains and the latter pipe into the 
Bhandarwada Eeservoir. The main evaporation comes to 
about 41- feet per annum. The depth of the lowest outlet 
below overflow level is 34 feet. The greatest depth of water 
stored is 61 feet. The height of the lowest draw-off on the 
■T. H. Datum is 232*6. 

Tulsi Lake. 

The second of these lakes is Tulsi. The area of its gather- 
ing ground is 1,386 acres. It has two dams ; the height of the 
lowest draw-off on the T. H. D. is 399*36 ; capacity available, 
when the lake is full, 2,294 million gallons ; mean rainfall 
comes to 103*82 inches; mean evaporation is 41- feet per 
annum ; depth of lowest outlet below overflow level is 67 feet ; 
greatest depth of water stored is 67 feet. It was constructed 
in 1879, and is 19 miles from the Town Hall of Bombay. 
The water is brought into the City by means of cast-iron pipes 
24 inches in diameter laid generally above the level of the 
ground, and discharging into the Malabar Hill Eeservoir. 

Tansa Lake. 

Tansa is the largest lake. The area of gathering ground is 

33.600 acres ; there is only one dam ; height of lowest draws 
off on the T. H. D. 380 feet ; as originally constructed, the 
capacity available for supply when the lake ^vas full *was 

18.600 milhon gallons ; by the raising of the dam in 1922 
the capacity was increased to 35,600 million gallons ; evapora- 
tion is about 7 feet per annum ; depth of the lowest outlet 
below overflow level was 25 feet and has now been increased 
to 40 feet ; greatest depth of water stored w*as 110 feet, now 
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increased to 125 feet ; average rainfall comes to 106 iiiolies ; 
iti is 58 miles from the Tomi Hall of Bombay. It was finished 
in 1891 and the dam subsequently raised in 1915 and 1922. 
The water was originally brought into the City by means of a 
masonry conduit as far as practicable. The syphons across 
the valleys are of cast-iron pipes, -18 inches in diameter laid 
generally above the surface of the ground ; these S 5 rphons 
were duplicated in 1915 by 50-inch diameter steel pipes. 
In 1927 two lines of 72 inches diameter steel pipes were laid 
for conveying a daily supply of 90 million gallons from the 
lake to the City and since then the old masonry conduit has 
been practically thrown out of use as a means of conveying 
the water to the City. 

Calcutta Water Works. 

In Calcutta the river Hooghly gives the water supply. 
The raw water is pumped from the river, into large 
settling tanks, where the suspended matter settles and the 
settled water is passed on to the sand filter beds. The filter 
beds consist of a layer of bricks at the bottom with a spacing 
of 5" to 6". Over this is a layer of gravel 10" in the old 
filters and 5" in the new. On the top of the gravel is Mugra 
sand 4" and then river sand 2 feet 3 inches. The depth of 
water on the sand is 1 foot 6 inches. 

After filtration the water collects in the collecting well 
of the individual filters and then flows through cast-iron pipes 
into the central collecting wells. It is then pumped into the 
storage reservoirs, whence it is distributed to the city through 
the distributing mains. When the filter-bed gets choked 
after use, about ^ inch of the top river sand is scraped off, 
and the process continued till only 8 inches remain, after which 
it is replenished. The filter-bed usually requires replenish- 
ment after 15 to 18 months. The indication for scraping a 
filter-bed is the iacreased head. 

The present supply is 54 million gallons per day, which is 
proposed to be increased to 83^ million gallons. 
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Poona Water Works, 

The source of water supply at Poona is the Mutha Right 
Bank Canal. The raw water is pumped into the settling 
tanks with a capacity of 5-9 million gallons, where the pro- 
longed storage serves to reduce the dose of alum required. 
The water then passes over the coagulating tanks where alum 
(usually I grain per gallon) is added. The settled water with 
its fine floe ” of alum passes on to ten rapid filter units each 
with a capacity of 300,000 miihon gallons per day. The 
filtered water is treated with chlorine (0* 3 parts per million of 
water) and conveyed to the covered jpure water reservoir with 
^ capacity of 1|- million gallons. The supply then passes by 
gravitation to the low service zone, or is pumped into the 
elevated, high and middle service zSues. 


CHAPTER V. 

Air and Ventilation, 

The breathing of fresh air is as essential for the main- 
tenance of health and life, as the driiiking of -pure \vater and 
the eating of good food. It is a well-known fact that while 
starvation kills a human being after some days, deprivation 
of air proves fatal in a few minutes. Statistics prove that 
impurity of air is one of the most important causes of 
ill-health. The average mortality in any country, and more 
particularly hi a country like India, is Ihmly to increase 
pretty regularly, with density of population. This density 
favours the spread of organic impurity in the air, consequent 
on dust, overcrowding, and poverty, and this unfortunately 
is the normal condition of populous and manufacturmg 
towns in India. 

Composition op Air. 


Air is a mechanical mixture of certain gases, and its 
approximate composition is as follows : — 


Oxygen .. 

Nitrogen 

Argon 

Carbonic Acid 
Water Vapour 


Ammonia 
Organic matter . . 

Ozone 

Salts of Sodium 
Other mineral substances 


20.95 in 100 volumes. 
78.07 „ 

0.94 „ 

0.04 „ 

Varies with the tempera- 
ture, being more, the 
higher the temperature. 
A trace. 

Invariable. 


The active constituent of air is oxygen which is the 
supporter of life and combustion. Nitrogen and Argon are 
merely passive agents, taking no part in the process of respira- 
tion, but serving the purpose of innocuous diluting agents. 
The chief sources of carbonic acid- gas in the air are 
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respiration, combustion, decomposition of animal or vege- 
table matter, and volcanic and other allied phenomena. 

A variety of substances are continually passing into 
the air in the form of gases, vapours, and solid particles. 
These would accumulate and render the air unfit for l)reath- 
ing purix>ses, were it not for certain forces of nature which 
are continually at work in one form or another, and which 
serve to counteract their evil effects. Chief of these forces is 
the property of diffusibilitij of gam, which serves to keep the 
composition of the air constant, and which causes the CO 2 
formed so freely in our large towns to be rapidly removed 
from where it is formed to other parts, where the processes 
of vegetation and sunlight can break it up into carbon for 
the food of plant life, and oxygen for the use of human beings 
and animals. Gases diffuse at a rate inversely proportional 
to the square root of their densities. 

Supplementary to the power of gaseous diffusion, we 
have the action of winds, which scatter and diffuse over a 
large area many impurities of the air which would be very 
injurious if confined to any limited space. In a similar 
but lesser degree, dew, rain, and snow may be regarded, as 
helping in the constant purification and dispersion of atmos- 
pheric unpurities. 

Air is vitiated by (a) resjDiration of men and animals; 
(6) by combustion of coal, gas, oil, etc. ; (c) by fermentation 
and putrefaction of animal and vegetable organic matters ; 
and (d) by contamination from various trade and manii- 
facturmg processes. 

Vitiation by Eespiration. 

An adult mdividual at rest respires about 17 times in 
a minute. At each breathing about 500 c. c. or 30.5 cubic 
inches of air pass in and out of his lungs. The expired air 
loses about 4 per cent, of oxygen which is absorbed by the 
blood in the lung capillaries, and gains CO 2 from the venous 
blood to the extent of ‘3. 5 to 4 per cent. The nitrogen 
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reniaina imcliangod. The expired air is warmer, is almost 
saturated with watery vapour (about 5%) and contains a 
trace of putrescible organic matter. 

An adult male at rest gives off 0.72 cubic foot of CO^ 
gas ill one hour. Thi.s quantity is increased to 0.9 during 
gentle exercise, and to as much as 2 cubic feet during hard 
work. Under similar conditions, an adult female is said to 
give ofi about one-fifth less of each of these quantities, and 
an infant yields about 0 . 5 cubic foot per hour. In a mixed 
assembly at rest, consistmg of male and female adults and 
children, the CO 2 exhaled per head is estimated to be 0.6 
of a cubic foot. It is important to remember this last figure 
as it is a useful indicator of the respiratory impurities present 
in the air of a room. 

The evil effects caused by the rex3eatcd inhalation of air 
fouled by human beings, under conditions which commonly 
prevail in overcrowded and ill-ventilated rooms, have now 
been demonstrated to be mainly due to the 'physical changes 
which take jilacc in such air. Urom various experiments 
carried out in overcrowded living rooms and schoolrooms, 
it has been found that so long as the temperature and humi- 
dity of the air of these rooms are not excessive, the mere 
increase of CO 2 gas does not x)roduce any injurious effects. 
But if the temperature and moisture are increased beyond 
certain Ihnits, the ill effects are immediately made manifest. 
This is attributed to what is known as “ heat retention’’, by 
which is meant a jiartial susj)ension or inactivity of the normal 
bodily ability to lose heat by radiation and evaporation 
from the surface of the skin and from the lungs. 

Our sense of well-being then depends upon the rate of 
heat loss from the surface of the skin or upon the cooling 
power of the atmosphere. To determine this cooliug power 
of the air, Leonard Hill has constructed an instrument called 
the Kata-thermometer. It consists of a large-bulbed alcohol 
thermometer, the alcohol inside being coloured red. The 
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stem of tlie thermometer shows two markings ; the upper one 
corresponds to 100° F and the lower to 95° F. These tem- 
peratures are chosen for the graduation of the instrument 
because the body temperature varies normally between these 
two limits. Two such thermometers are used, one with 
the bulb uncovered—the dry Kata-thermometer and the 
other with the bulb covered wdth a cap of muslin— the 
wet Kata-thermometer. 

In taking the readings, the bulbs of both the thermometers 
are immersed in water at about 150° F. The alcohol being 
heated, expands and rises into the stem of the instrument. 
The heating is continued till the alcohol has partially filled 
up the small bulb at the top. The excess of water is mopped 
off from the wet thermometer and the other is dried up 
with a piece of cloth. The alcohol cools down and begins 
to fall in the stem. The dry Kata loses heat by radiation 
and convection and the w^et, mainly by evaporation of mois- 
ture, but to a certain extent by radiation and convection. 
The time rerpiired for alcohol to fall from 100° F. to 95° F. is 
noted in seconds by means of a stoji-watoh. At least four 
such readings are taken with each thermometer. The first 
reading is discarded because the glass of the thermometer 
takes some time to be eq^ually heated and to come into equi- 
librium with the alcohol. An average of the other three 
readings is taken. On the back of the stem of each ther- 
mometer is marked a figure with the letter F. (factor). This 
figure is the number of millioaUores of heat which each centi- 
meter of the bulb surface loses during the time the alcohol 
falls from 100° F.to 95° F. The factor for each thermo- 
meter is different. This factor when divided by the average 
number of seconds found by the experiment gives the result, 
as loss of heat in milli-callories per square centimeter of the 
surface per second. Since the thermometers lose heat in 
the same way as the human body does, the results applied 
to the body indicate heat loss from the surface of the skin. 
To secure comfort in an atmosphere, it is said that the dry 
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Kata sliould give a result of 6 and above, and tlie wet, of 
20 and above. In India, on account of bigber atmospboric 
temperatures, it is not possible to obtain sucb results and a 
large number of observations carried out in Bombay have 
revealed that tlie dry Kata does not give results of more 
than 3 and tbe wet of more tban 12. In exceptional cases, 
during winter with a strong breeze blowing, tbe results bave 
come upto 5 and 18 only. 

In certain places, where tbe atmospberic temperature is 
ordinarily liigber tban tbe bigbest graduation of tbe tber- 
moineters, tbe alcobol would remain always heated and 
filling up tbe stem and tbe bulb at tbe top of tbe instrument. 
To take the readings in sucli cases, it is recommended that 
the alcohol should be cooled down, by immersing tbe bulb 
in ice-cold water and tbe readings taken by noting the time 
required for the alcbol to rise from tbe lower to the upper 
mark. 

The purity of tbe air in dwelling bouses depends on the 
air s])ace allotted to each individual, and the facilities rendered 
for adequate ventilation. Where these conditions are 
wanting, injury to health results. Tbe immediate efiect 
of breathing air ^dtiated by respiration in a room where 
many persons are temporarily huddled together, is head- 
ache, a sense of depression, drowsiness, nausea, and faulting. 
Tbe long-continued lireatbing of stiifiy air tends to pro- 
duce a lowered condition of vitality, characterized by anse- 
mia, lassitude, anorexia, dyspepsia, and depression of spirits, 
and is probably one of the causes of rickets in children. 

The researches of Dr. Ogle have shown, that those 
persons whose occupations are carried on in the open air 
such as farmers, gardeners, agricultural labourers, and fisher- 
men, are generally the most healthy and have the low'est 
death rate. They are particularly free from phthisis and other 
diseases of the respiratory organs. There is no doubt that 
the spread of phthisis is due to foul air caused by overcrowd- 
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and. insufficient ventilation, because tbe excessive incidence 
of this and other piilmonari^ diseases among the inmates 
of sjum areas and back-to-back houses, has been clearly 
established. Another convincing proof of this is to be found 
in the comparative immunity enjoyed by soldiers, sailors, 
and prisoners in England, at the present time from phthisis, 
owing to their being housed in well-ventilated barracks and 
jails, with an adequate amount of cubic space. 

Owing to the ease with which contagion can pass from 
the sick to the healthy in over-crowded and ill-ventilated 
rooms, various infectious diseases, such as small-pox, relaps- 
ing fever, typhus fever, measles, and influenza are more 
prevalent where such conditions exist. 

It has also been found that under such conditions exivSt- 
ing in school dormitories and class-rooms, there is a predis- 
position to inflammatory conditions of the throat, such as 
folHcular and ulcerative tonsillitis, which in some cases may 
develop into' diphtheria, owing to a favourable nidus being 
afforded to the introduction of the bacillus of that disease. 
Sunilarly in ill-ventilated hospital w'ards, inflammation of 
the throat and tonsils, knovui as “ hospital sore- throat”, 
is likely to occur. 

Lastly certain parasitic skin diseases are also liable 
to spread in rooms where there is absence of ventilation 
and air-space. 

Vitiation uy Combustion. 

The combustion of coal, wood, oil, coal gas, and candles 
gives rise to certain impurities in the atmospliere, such as 
carbon dioxide and monoxide, sulphur dioxide, some 
ammonium compounds, and moisture. From the point 
of view of public health, the most important are carbon 
dioxide which is a comparatively harmless compound, 
and carbon monoxide, which is an active narcotic 
poison. It is very necessary that we should appreciate 
the difference between these two gases. It is this latter 
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gns which is the source of danger when a fire in a segree 
is burned in a closed room. Cases of death due to charcoal 
fumes are not infrequent, and therefore it is important to 
realize this danger. Stoves and particularly charcoal segrees 
should never be lighted in closed rooms. This CO gas, as it 
is odourless and does not cause any irritation of the air- 
ixassages when inhaled, is very insidious in its effects. 
The exhaust fumes of petrol engines of motor cars contain 
this deadly gas, and therefore they are likely to be dangerous 
hi confined spaces, such as garages, if the motor engines 
are not stopped at once. 

Professor Corfield was of opinion that slight escapes of 
coal gas into houses, owing to defective pipes and burners, 
gave rise to cases of relaxed and ulcerated sore throat. It is 
necessary, therefore, in order to obviate the evil effects of 
impurities in the air arising from combustion, to provide 
for the supply of a sufficient quantity of air. 240 cubic feet 
of air should be allowed for the complete combustion of one 
jiound of coal, and 120 cubic feet for one pound of dry wood. 
For every cubic foot of coal gas consumed, about 1200 cubic 
feet of fresh air is necessary. 

SaioKE Nuisance and Its Prevention. 

The emission of black smoke from the chimneys of fac- 
tories in the various manufacturing towns in India is a 
source of nuisance to the residents in the immediate vicinity 
of the factories. The smoke nuisance in factories is generally 
due to two causes ; (a) careless stoking, and (6) absence of 
appliances for the supply of an adequate quantity of air for 
the complete combustion of coal. Firemen are in the habit 
of allowing too long intervals between the firings, and this 
leads to a large c^uantity of coal being j)ut on at one firing, 
with the result that black smoke is produced. The best 
method of smoke prevention is to secure frequent and light 
firing by the provision of mechanical stokers, and the admit- 
tance to the furnace of the requisite quantity of air, by means 
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of foiced-drauglit appliances, to provide for tlie complete 
combustion of tbe carbon particles after eacb fresh charge 
of fuel. The quality of coal used is also a factor in the produc- 
tion of smoky chimneys. The use of electrical instead of 
steam engines in the various Bombay mills has abated the 
smoke nuisance m the City in a large measure. In Bombay, 
there is a special Smoke Prevention Committee appointed 
by Government to deal with smoke nuisance prevention. 
They have adequate powers of dealing with ofienders, and 
one of their functions is to advise the owners of factories 
how to work them without causing smoke nuisance. 

The London County Council is of opinion that the escape 
of black smoke for five minutes from the lighting of the 
furnace might be permitted, but that afterwards a discharge 
of one minute or more will raise the question of a statutory 
nuisance under the Public Health Act, 1891. The allowance 
varies from two to fifteen minutes in other large towns. 

Vitiation by PBRivrENTATioN and Putrefaction of 
Organic Matters. 

The air of sewers, drains, and cesspools has long been 
regarded as dangerous. The gaseous products of the decompo- 
sition of animal and vegetable organic matters are evil- 
smelling and highly complex bodies of the nature of the 
compound ammonias, as well as simpler gases such as car- 
bonic acid and sulphuretted hydrogen. The latter gas is 
most dangerous, and has frequently been the cause of sudden 
death amongst workmen employed in cleaning old sewers 
and drains. When this gas — — is present even in the 
proportion of 1 in 7 000, it is dangerous to human life. W'here- 
ever therefore it is necessary to enter an old or foul sewer the 
following precautions should be taken Open the lids of the 
two adjacent manholes, and leave them open for two to three 
hours, so as to secure free ventilation and dilution of the gas. 
Then cautiously lower a lighted candle into the sewer, into 
which the workmen should on no account enter, unless the 
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candle burns brightly. If there is a likelihood of explosive 
gases being present in the sewer, a miner’s safety lamp should 
be lowered, or a rat in a cage. In the latter case, should the 
animal remain lively for ten minutes in the sewer it may be 
considered safe for the workmen to go down. It is also 
advisable and necessary to tie a strong rope round the shoul- 
ders and anides of the w-orkmen, so that should they be over- 
powered by gas, they can be drawn back and extricated by 
comrades who should always be in readiness. The wearing 
of proper masks is also a safe precaution against poisoning 
by this, and other deleterious gases in sewers. The best 
remedy for men overpowered by sewer gas is artificial respira- 
tion, or oxygen inhalation if available. Licpor Strychnia 
should be injected subcutaneously, and hot water bottles 
applied to the extremities. 

The air of servers, so long as they are properly constructed 
with good gradients, and are free from silt, is remarkably 
free from microbes and deleterious or dangerous gases. It 
is now believed that the air of sewers plays very little part 
ia the conveyance of typhoid fever. The long -continued 
inhalation of minute doses of sewer air in badly drained 
houses produces a general loss of health, more particularly 
in children than in adults. A severe form of tonsillitis, known 
as “ sewer ‘ air throat” is common among the inmates of 
such houses. The special diseases, that have been more 
particularly noticed in connection with sewer air, are diar- 
rhoea and diphtheria. 

Vitiation in Industrial Occupations. 

There are a great many industrial occupations which 
are injurious in proportion to the amount and nature of the 
dust produced, to the workmen engaged in them. The con- 
ditions under which the dust-produemg wmrk is carried on, 
whether in the open air, in properly ventilated work-shops, 
work-places, or factories, or in ill-ventilated and ovei -crowded 
rooms, are. important factors in the consideration of this 
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mode of vitiation of tlie atmosphere. As a general rule 
it may be mentioned, that the long-continued inhalation of 
dust produces diseases of the lungs, such as bronchitis, fibroid 
pneumonia, asthma and emphysema. The soft or rounded 
particles of dust are not capable of doing nearly so much 
mischief, as those particles which are hard, sharp and 
angular. 

Evil Effects of Inhaling the Various Kinds of 
Trade Dust. 

Mineral dust is much more irritating than dust of animal 
or vegetable origin. Cornish miners suffer from fibroid 
phthisis and other respiratory diseases owing to some condi- 
tion peculiar to tin mining, where the dust disengaged 
is more irritant than in other mines. Workers in lead 
mines suffer from lead poisoning and bronchitis. In copper 
mines, the metallic dust produced therein is said to cause 
gastric and intestinal irritation. Steel grinders, _ millstone 
cutters, stone masons, sandpaper makers, and weavers are 
all liable to suffer from pulmonary diseases caused by the 
inhalation of dust. In regard to dust of vegetable origin, 
workers in cotton-sorting and cotton cleaning factories are 
very much exposed to annoying dust. The introduction of 
closed machinery in this trade has done much to mitigate 
the evils arising in the process of manuiactiue. Similarly 
in the spinnuig and sizmg of cotton, and in flax factories a 
good deal of irritant dust is produced. Dust from wool 
has produced anthrax. Match-makers forinerly suffered 
from necrosis of the lower jaw. The substitution of red 
or amorphous phosphorus has obviated this danger. 
Brass-founders inhale fumes of oxide of zinc and suffer from 
fever, nervous depression, cramps and diarrhoea. Arsenic 
in the form of Scheele’s Green is the cause of great suffering 
to Avorkmen employed in the making of artificial flowers, or 
wall papers. Plumbers, painters and manufacturers of 
white lead may get colic and palsy. 


Ventilation. 


369 


Certain trades, such as Alkali Works, Chemical Works, 
and Brick fields, give off various deleterious gases, and thus 
render the atmosphere impure. The gases which usually 
escape from such works are Hydrochloric acid gas which 
destroys vegetation round about the works, ammonia, 
ammonium sulphide and sulphuretted hydrogen. The air 
from brick-fields is usually very pungent, and contains much 
carbonic oxide. The air of printing offices contains antimony 
from the type metal, which consists of lead, tin and antimony. 

The bad effects of trade impurities can to a certain extent 
be prevented by adecjuate ventilation, as in mines. In 
steel grinding, the use of the “wet” grinding, proper ventila- 
tion of the wheelboxes, and the use of respirators, are useful 
safeguards. In very dusty factories, the provision of shafts, 
and ventilation by extraction, are very desirable. In match- 
making, the use of the amorphous form of phosphorus, and 
the inhalation of the vapour of turpentine by the workers 
is recommended. Painters, plumbers, etc., should clean 
their hands and mouth carefully before eating, and use 
sulphuric acid lemonades as drink. 

Ventilation. 

The term ventilation has a fairly wide meaning. Ordi- 
narily it is meant to imply the various measures taken for the 
removal and dilution of the different impurities which would 
otherwise accumulate in the air of buildings inhabited by 
men and animals, as the result of the vitiating processes 
already described. This is known as internal ventilation, 
as opposed to the term external ventilation, which means the 
ventilation of streets and buildings, and is dependent on the 
width of streets, the height of adjoining or opposite buildings, 
in fact with the amount of free air space around the buildings, 
and the ease with -which light and air can enter into them. 
This external ventilation is a subject of very great importance, 
as on the purity or otherwise of the outside air, a great deal 
depends on the possibility of efficient internal ventilation, 
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In order i:o effect the ventilation of living rooms, the 
following points must he considered : — [a) the amount of fresh 
air required (h) the cubic and floor space ; (c) the direction 
of the ventilating currents ; and {d) the rahe of movement 
of the currents, as there ought to be no perceptible draught. 

In regard to the supply of fresh air to dwelling rooms, 
it must be remembered that COg is regarded as the chief 
index of air vitiation. The question therefore naturally 
arises as to what should be the standard of purity of air in 
such rooms or houses. Professor De Chaumont found after 
the examination of a large number of samples of air of inhabit- 
ed rooms, that when the amount of respiratory CO 2 in a 
room exceeds 0 . 6 volumes per 1000, a close or disagreeable 
odour is perceived, owing to the coincident increase of 
foul organic matter in the air of the room. The amount 
present in the outside air being 0.4 per 1000, it was 
held by De Chaumont that vitiation to the extent of 0.2 
per 1000 may be allowed with impunity, but not over and 
above that standard. Hence the “ permissible limit” of 
respiratory impurity is .2 per 1000, which is the same thing 
as .0002 cubic foot of CO 2 in one cubic foot of air. How 
since each individual oh an average, when at rest, gives 
off .6 of a cubic foot of CO 2 in one hour, it follows that 
the air he breathes out must be diluted with 3000 cubic 
feet of pure air, so that the CO 2 iu it may be reduced to the 
above limit of respiratory impurity. This is the standard 
now accepted and can be expressed by the equation D=: ~ 
where E=the amount of CO 2 exhaled per head per hour 
in cubic feet, r=the permissible limit of COo, due to respira- 
tory impurity, stated per cubic foot, and D=the delivery 
of fresh air required in cubic feet per head per hour. Hence 
3000, the number of cubic feet of air necessary for 
every individual per hour. 

The amount of cubic space allotted to each person in a 
room is a matter of great importance in ventilation in cold 
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climates. It is necessary in sucli climates that the air of a 
room should not be changed oftener than three times in an 
horn, otherwise a very disagreeable draught is liJrely to be 
created. Hence in England and other cold countries, a 
cubic space of 1,000 cubic feet per head is recommended, so 
that the air of a room need be changed only three times per 
liour, in order to supply the required quantity of 3,000 cubic 
feet of air per head per hour. 

But along with cubic space, wdiat is more important is 
that a certain amount of superficial or floor space is necessary 
for each individual, because if the height of a room exceeds 
12 feet, excess in this direction does not compensate for 
deficiency in the other dmiensions, although the total cubic 
space may be the same. The reason of this is, that the orga- 
nic impurities of respiration are not equally diffused tluough- 
out the air of a room, but tend to hang about in the lower 
strata, consequently excessive height does not mean a corres- 
ponding dilution. It will therefore be understood that the 
height of a room over 12 or 13 feet is perfectly redundant 
and useless from the point of view of ventilation. Then 
again, a larger amount of floor space will lessen the risk of 
the spread of infectious diseases in over-crowded rooms w'-here 
persons are closely huddled together. 

Professor De Chaumont’s above mentioned standard 
of 3,000 cubic feet of fresh air, which is based on the permis- 
sible limit of respiratory unpurity not exceeding ’2 per 1,000, 
has been followed for many years. But recent experiments 
made by Kenwood have shown that in many work-rooms 
and in senior class rooms of elementary schools, stuffiness 
of the atmosphere is not perceptible until the respiratory 
CO 2 exceeds ■ 3 per 1,000. If this latter figure were accepted, 
the result would be that De Chaumont’s standard of 3,000 cubic 
feet would be reduced to 2,000 cubic feet, an amount which is 
not only far more practicable in sufficing to prevent stuffiness, 
but in which the physical condition of the atmosphere, i.e., 
temperature and humidity, would continue to be satisfactory. 
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In the ventilation of factories, the principle to be borne 
in mind, is the same as in the case of ordinary buildings or 
dwelling rooms. It must however be remembered, that 
during exertion, an individual gives off more respiratory 
impurities, — as much as 2 cubic feet of COo in one hour— 
than v/hen at rest. For this reason, and also because the 
air is further vitiated by the trade processes, the amount of 
air supplied to factories should be considerably in excess — 
double or even treble— of that required in ordinary living 
or sleeping rooms. The amount of cubic space required in 
non-textile workrooms in England is 250 cubic feet per head. 
In the same workrooms during overtime, 400 cubic feet of 
space is required. 

In the case of hospitals, the hourly supply of fresh air 
should be 4,000 cubic feet per head, and the cubic space should 
be from 1,200 to 1,500 cubic feet. In regard to infectious 
diseases hospitals, the cubic space recommended is 2,000 cubic 
feet. It is essential to have plenty of floor space around each 
bed in hospitals, to facilitate the attendance and nursing 
of patients. In general hospitals, at least 100 square feet per 
bed is necessary. In surgical and lying-in wards, a wider 
separation of beds is desirable. In such cases 130 square 
feet of floor space is necessary, and in the case of infectious 
diseases hospitals, a floor space of ‘144 square feet should be 
provided. 

* There are two diflerent forms of ventilation, viz.. Natural 
and Artificial. Natural ventilation depends on certain forces 
which are continually acting in nature, such as diflusion 
of gases, action of winds, and differences in weight and volume 
of masses of air of unequal temperature. 

The effect of diffusion, as a ventilating agent, is not 
very marked. Winds are the most important ventilating 
forces in this country. They act in two ways : — (a) by direct 
action, blowing through and through, i.e., “perflation”; (6) 
by their aspirating action, as blowing over a chimney; the air 
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in. motion causes a partial vacuum or rarefaction, in its path, 
and then the air is naturally forced from the place of greater 
pressure to that where it is less, and the wind therefore sets 
up a current at right angles to itself up the chimney. 

The “ perflating” action or the whid is best utilized by 
having windows faoinij the current of the wind, and this 
action is increased when windows, or a window and door on 
opposite sides of a room are left open. By means of this 
force, dwelling and other rooms can be rapidly and conti- 
nuously flushed with air, so much so that it is possible to 
renew the air of such rooms over a hundred tunes an hour. 
The most simple and direct methods of ventilation are the 
best for this country. All tubes, shafts, valves, and fire- 
places are, as a rule, unnecessary, except in hill stations 
and certain places in northern India, where the climate is 
nearly akin to that of Europe. In single-storied buildings 
with low roofs, ridge ventilation, with grated openings over 
each door and window, is all that is necessary, or instead of 
grated openings, fan-shaped moveable glass frames or 
ventilators may be provided in better class buildings. 

The great drawback against the wind as a ventilating 
agent is, that its movements are very imcertain, and they are 
difl&cult to regulate. When the wind falls entirely and there 
is a dead calm, we have to create movement by artificial 
means, such as fans and punhhas either driven by hand, 
or better still by electric power. The climate of Bombay 
is made fairly tolerable in the hot months of the year, by 
means of electric fans. 

In many parts of India where extremes of temperature 
prevail in the cold and hot months of the year, it becomes 
necessary to cool the air of rooms in the latter months. For 
this purpose, what are known as “ Thermantidotes” are 
used. These are fan wheels usually driven by hand, used for 
propelling air into a room or house, the air being cooled by 
passage through a wet mat made of kus-kus or other grass. 
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Tlie temperature of houses, particularly in dry climates, 
can thus be readily lowered by 20° F. or more. The efiect 
of cooling and moistening air in this manner, is sometimes 
prejudicial to health on account of the sudden change, and 
perhaps sometimes owing to the use of bad water. For this 
purpose, it is wise to add a little permanganate of potash 
to the water. Wet mats besides cooling the air, and 
increasmg its moisture, act as filters and remove a large 
proportion of suspended impurities -which it may contain. 

The third force in nature on which ventilation depends, 
viz., the differences in weight and volume of masses of air 
of unequal temperature, is chiefiy relied on for ventilating 
the interior of buildings in cold climates. It is brought more 
into play in cold weather, when the difference in tempera- 
ture of the air inside and outside the house is considerable. 
The principle underlying this force is, that when air is 
heated it expands. A volume of hot air is therefore lighter, 
bulk for bulk, than the same volume of cold air. The wTirm 
air rises, and equilibrium is restored by the cold air passing 
in to occupy its place. 

Practical ventilation in cold climates is more or less 
an engineering problem. One important point in such 
climates is, that when fresh air which is not previously warmed 
is admitted into the rooms, it should be given an upward 
direction and it should be made to enter above the heads 
of the occupants, so as to avoid draughts. For this purpose, 
various contrivances for windows are made. One of the 
best known and simple arrangement is that of Hinckes- 
Bird. The plan is to raise the lower sash, insert a piece of 
board so as to completely close up the opening thus made. 
In this way the fresh air comes in at the middle between the 
sashes, and is directed upwards towards the ceiling. The 
provision of a glass louvre in the top centre pane, the use of 
double panes, the outer one open at its lower border, and the 
inner one open at its upper border, the use of panes of perfo- 
rated glass, all effect the same purpose. 
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In all mettods of ventilation based on this force, suit- 
able and adequate inlets for fresb air and outlets for tbe escape 
of impure air, must be provided. Tbe window arrangements 
described above serve as inlets. Besides these, several wall 
inlets are employed, such as Sheringbam’s valve, Tobin’s 
tubes, and Ellison’s perforated bricks. 

Sheringbam’s valve consists of a perforated iron or 
zinc plate, tbrougb which the air enters, and a valved plate 
with side-checks, which directs the air-current straight up 
towards the ceiling. The valved plate is hinged at its lower 
border and can be closed, when required, by means of a 
balanced weight. The size of the inlet opening is 9 inches 
by 3. 

Tobin’s tubes consist of vertical tubes carried up the 
walls of the room to a distance of six feet or so, so as to obviate 
draughts. In both these contrivances it is possible to filter 
the entering air tlirough muslin or cotton-wool. 

Ellison’s bricks have conical holes, the smaller openings 
being outside, and the larger, inside. 

The total size of inlets and outlets should be about 24 
square inches per head. The best situation for outlets is the 
top of the room, because the escaping foul air is warmer and 
consequently lighter than the incoming fresh air. The open- 
ings of the inlets should be as large or even larger than those 
of the outlets, otherwise counter currents may set in and 
interfere with the exit and cause draughts. 

Artificial ventilation is brought about either by the 
“ vacuum method”, i.e., extraction of air, or by the “plenum 
method” or propulsion of air. The commonest example of 
ventilation by extraction is the action of an ordinary fire- 
place, which, by heating a column of air, causes its expansion, 
ascent, and replacement by another colder volume of air. 
Eire-places should be grouped in the centre of the house, 
because if they are on an external wall, much of the heat is 
likely to be lost by radiation. In the “ plenum system ” 
air is driven mechanically either by bellows, pumps, or fans 
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into proper channels. This method of artificial ventilation 
is more suited to factories and workshops. 

External Ventilation. 

As already, mentioned this subject is of very great 
importance from the public health point of view. It is 
most essential in the planning of a town that the arrange- 
ment of its streets and the construction of its houses, 
should be on a definite plan. Every old town in India, 
including many of its important cities, presents examples, 
of narrow streets, winding lanes, close aggregation of 
buildings, forming an insanitary labyrinth, which can- 
not be efficiently cleansed, and in which the air is almost 
always stagnant, > Persons living in such congested areas 
have a low vitality and are predisposed to various diseases. 
The air of such areas is specially injurious to infants and 
children, and furnishes one of the causes of high infantile 
mortality. It is necessary that in existing tovms, and also 
when it is intended to develop a new town, provision 
should be made to lay out the streets on a definite 
plan, and when so laid out, the houses erected in it, should 
be subject to regulations as regards their height, depth, 
site, the area they occupy, their relation to one another, and 
the amount of open space to secure a free circulation of air 
for each of them. 

One of the chief defects in the sanitation of Bombay is 
overcrowding, including not only insufficient and insanitary 
housing accommodation, but also overcrowding in space 
or the close aggregation of buildings without adequate open 
spaces between and around them. Prior to the year 1905 
there was no provision in the Municipal Building By-laws, 
for open spaces between and around houses. The common 
house gully, which is from 2 to 5 feet in width, serves the 
purpose of an exterior open space, throughout the crow'ded 
portions of the City. The purposes to which a house gully 
is put are well known. It is the repository of all the house 
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refuse, and all the down-take pipes discharge into it. Any 
air admitted from such a filthy exterior open space, can 
never he pure, and must exercise a prejudicial efiect on the 
health of persons occupying such buildings. 

In the year 1905, a by-law was enacted which stated that 
every room intended for human habitation should have the 
whole of at least one side, abutting on an interior or exterior 
open space, the minimum size of which varied with the height 
of the building. The maximum width of the exterior open 
space insisted upon was 12 feet, if the building was 66 feet 
high. The minimum interior open space was defined as a 
space not less than 6 feet across, the area of vdrich was not 
less than -Ath of the aggregate floor area of all the rooms 
abutting on it. 

^ The Bombay Improvement Trust, which was established 
in the year 1898, has brought about considerable improve- 
ment in the City by constructing wide arterial roads, and 
demolishing slum areas. The Trust rules do not define the 
minimum open space as regards its width or other dimensions, 
but both in regard to external or internal open spaces, require 
that every room depending for light and air on sdch space, 
shall receive not less than 63i° of light. Eoughly, this 63|-“ 
standard means that throughout the length of one side of 
every living room, there shall be external air-space open 
to the sky extending to a distance, measured horizontally 
from the room wall, of at least half the height of the top of the 
opposite house above the floor of the room. It is called the 
63|-° rule, because the angle at which light from the minimum 
air-space so prescribed will strike the floor, is an angle of 
approximately 63|-° which has a tangent of f . Thus if an 
open space between two houses is only 10 feet wide, the 
height of each house above the plinth must be limited to 20 
feet, if the lowest rooms are to satisfy the 63-|-'’ rule ; and if two 
houses of the maximum height ordinarily allowed in Bombay, 
viz. 70 feet, are built side by side, then to satisfy the 63|° rule, 
that space must be- 35 feet broad. According to the old 
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Municipal rules, these buildings of maximum height need 
only be 12 feet apart. In the latter case, the ground floor 
rooms would be dark, whereas in the former case the occu- 
pants of the ground floor rooms would be able to see the sky 
without going out of their rooms, a thing impossible in many 
houses built in accord with Municipal rules. 

In regard to interior open spaces, suppose we have 
a building 36 feet high, and that in this building there are on 
each floor 12 rooms, each a 100 square feet in area, and that 
the 12 rooms abut on either side of a central chowk, and 
that the side of each of the rooms next the chowk is 10 feet 
wide. Under Municipal rules the chowdc or interior open 
space need be only 60 feet X 6 feet. In the case of the 
Trust rules the space must be 60 feet X 18 feet. 

In the year 1919, the Bombay Municipal Corporatjon 
revised the Building By-laws in respect of open spaces to bo 
maintained for light and ventilation of buildings. Two 
difierent standards have been fixed, one for each of the two 
parts into which the City is divided for the purpose of these 
by-laws. The less thickly populated area, where the build- 
ings are comparatively scattered, is subject to the standard 
of 63|“ light and air, and a lower standard is fixed for the 
remaining part of the City, which is known as the “ sche- 
duled” or “ congested” area. These by-laws are no doubt 
a great improvement on those in force prior to 1919 but 
there is one drawback in them, in that their application 
depends on the co-operation and good will of the owners of 
neighbouring properties. The defects and intricacies of 
By-law 41-A, which enforces the standard of 63|-“ light and air 
are explained below : — 

For the application of Building By-laws Nos. 41 and 41-A the City 
of Bombay has been divided into two distinct Zones : — 

(1) Those parts of the City which are comprised in what are termed 
as congested or scheduled areas, and 

(2) The remaining parts of the City situated outside the scheduled 
areas mentioned in (1). 

We have here to deal with By-law 41-A ojdy. 
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It applies to all the buildings in the non-scheduled areas, as also to 
buildings that may be constructed on the sites previously unlmilt upon 
in the scheduled areas. (It may here be stated in passing that By-law 
41 applies only to the buildings on the sites previously built upon in the 
scheduled areas.) 

By-law 41-A requires that every building, whatever its use, should be 
provided on its front and rear sides ivith “ adequate means of access for 
external air," in other -words, every building should be provided with 
certain amount of open air space, on the front side as well as on the rear 
side. If there are any dwelling rooms in such a building, they should 
in addition be provided with “ adequate means of access for external light 
also,” in other w'ords, these rooms should abut on open spaces of certain 
dimensions for receiving light. 


FkOXT AUt SPACE. 

Every building should have a front open air space equal in width to 
half the height of the building. For instance, if a building is 70 feet high 
the front open air space should be 3.o feet wide and so on. Generally as 
the majority of the buildings abut on streets and roads and as their heights 
are regulated by the respective widths of the streets and roads {vide Section 
349-B of the City of Bombay Municipal Act), the requisition of By-law 
41-A as regards the front open air space is automatically complied with 
in many cases. 

The follovdng instances -will make the point clear : — 


Width of street. 


Front height allowable under 
Sec. 349-B. 


20 Feet . . - , . . 

30 

26 

39 

30 „ 

40 

40 „ 

40 

50 „ 

50 

60 

60 

70 1 

70 


But in cases where the buildings are situated away from a street 
or abut on streets less than 30 feet in width, certain special requisitions 
are to be complied Avith. The by-law requires that no building should be 
constructed within a distance of 15 feet from the centre line of the street. 
Suppose a street is 30 feet in wddth, then the building will be at a distance 
of 15 feet from the centre line of the street and there -udll be no objection 
to this building being erected touching directly the edge of the street. 
But in case Avhere a street is 25 feet in Avidth, then the hoAise owner will 
haAm to leave AAuthin his oaati premises and between the edge of the street 
and the front line of his proposed building an open air space of 2J feet 
in width so as to keep the front wall of the building at a distance of 
2-J-) 15 feet from the centre line of the 25 feet Avide street. Similar- 
ly if a street is 20 feet in width the intending builder should leave an 
open air space of 5 feet before he starts his building. 

In the case of a building which does not directly abut on a street, hut 
it is situated aAvay from a street, say, in the compound of any premises. 
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the by-law requires that it should have a front open air space equal in width 
to half the height of the building, hut with this proviso that such front air 
space shall not in any case be less than 15 feet in width. Suppose for instance, 
the height of such a building is 40 feet, then the width of the front open 
air space within his outi premises should be 20 feet. Suppose a building 
is 30 feet high, then such front air space should be 15 feet in width. Sup- 
pose a building is 20 feet high, still the front air space should be fifteen 
feet in width, it should never be less than 15 feet. 

Rear air space. 

Every building should have a rear open air space equal in width to 
half the height of the building. For instance, if the rear height of the build- 
ing is 70 feet, the width of the open air space in the rear of it should 
be one half of 70 feet, 35 feet and so on. This rule is subject to the proviso 
that the rear open air space should be not less than 10 feet under any 
circumstances. Suppose a building is 10 or 15 feet high, still the 
rear open air space should be at least 10 feet in width. 

Opek spaces for lighting of rooms ttsed for dwelling purposes. 

The width of an open space for lujlit depends not only on the height of 
the building proposed to be constructed, but also on the height of the 
existing neighbouring building on that side on which the rooms of the pro- 
posed building are to abut. Suppose for instance a building to be used 
as a dwelling is proposed to be constructed 40 feet in height and is to 
have rooms also along its north side. Further as.sume that there is already 
existing a neighbouring building on the north side, w'hich is 70 feet in height. 
The w'iclth of the space required to be provided for lighting the north side 
rooms of the proposed building, 40 feet in height should not be 20 feet 
but should be half of 70 feet, viz., 35 feet. Take a contrary ca.se. Suppose 
a proposed building is to be 70feetiii height and the existing neighbouring 
building is only 20 feet in height, .still the open space for light should be 
35 feet in width. In fact the width of the space for light should not be 
less than half the height of the proposed building or half the height of the 
existing neighbouring building, whichever is the higher of the two. This 
requisition is rather disadvantageous to a prospective builder, if the neigh- 
bouring building by his side happens tohe a very high one. The only way 
to get over this difficulty is to design the new building in such a manner 
that the dwelling rooms therein do not abut on that side on w'hich a very 
high neighhoiuing building is already .standing. This requires skill and 
ingenuity on the part of the architect. The same object can likewise 
be gained by constructing the new building by having open terraces of 
proper widths at different floor-levels so as to secure the angle of light 
as required by the by-laws. The minimum open space for light should 
not he less than 10 feet in width under any circumstances, whether a 
building is 10 feet high or 20 feet high. 

Lastly it must be stated that the minimum front and rear open space 
of 15 feet and 10 feet respectively for ventilation purposes and the minimum 
open space of 10 feet for purposes of light should be provided wholly within 
the owner’s own premises. 
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For any extra open space required beyond the minimum (as required 
by the height of a building), an owner can be allowed the benefit of the 
adjoining open air spaces in the neighbouring premises, provided the latter 
spaces are assured by legislative enactment, or by Municipal By-laws 
or by contract to be permanently kept open and unbuilt upon, but this 
is subject to the condition that in no case the total width of the open spaces 
so provided out of the premises of two different persons is less than the 
exact width required by the foregoing regulations. 

The insanitary features of dw'elling houses in the crowded areas of most 
of the large cities in India are more or less sim ilar. To begin with, the houses 
are built almost back to back. The depth of the houses from front to back 
is excessive ; there is a central passage inside the house with rooms abutting 
on either side of it. There may or may not be a gully at the sides of the 
houses, and if one exists it is generally not more than two feet in width. 
As a result of this, the building as a 'whole, except the front rooms are 
deficient in light and ventilation, the centre rooms being often in absolute 
darkness. The gullies, as has been mentioned above, serve the purpose 
of exterior open spaces. They are open channels for carrying off sullage, 
but in many eases they are so imperfectly paved, as not to be water-tight, 
and sometimo.s their gradient towards the street drain is faulty. Some of 
them servo as passages for sweeper.s, and are flanked on either side by 
a row of basket-privy shafts. The trap doors of the shafts abut immediately 
on the gully, and when the receptacles get full and overflow, the liquid 
night-soil is discharged on the surface of the gully. In some cities such 
as Poona, Nasik, Surat, Ahmedabad, the trap doors of privies are seen 
at the entrance of house.s. Refuse of all kinds is also thrown into the 
gullies from the windows abutting on them. For these reasons the gullies, 
though repeatedly cleansed, are generally in a foul dirty and evil-smelling 
condition, and windows which overlook them have to be kept closed to 
exclude the smell. Hence such gullies are of little use for purposes of ventila- 
tion. The labouring class of people, owing to their ignorance, object to light 
and air, and it is common toseein Bombay, even the model Improvement 
Trust chaw'ls with rags, bags, and oldsarees, stretched across the windows. 

Mode of Dealing -with Existing Insanitaky Akbas. 

Slum or unhealthy areas can sometime be rendered habitable, by 
clearing out a portion of the interior of the blocks, and providing open 
spaces behind the houses, with back-lanes for drainage and scavenging 
purposes. It is also a good plan to reduce the depth of houses, by demolish- 
ing the central rooms, and providing instead, an interior open space whose 
width should be in one dimension, half the height of the building. But if 
these alterations are for some reason or other insufficient or impracticable, 
then complete demolition of the area, and re-building it on sanitary lines, 
are the only remedies applicable. 

Examination of Aib and Ventilation. 

For the ordinary examination of the air and ventilation of dwellmg 
rooms, the following procedure should be adopted : — (1) Inspect the 
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premises from outside, to seek any possible causes of contamination of 
air entering a building, such as accumulation of decaying refuse, foul drains 
or latrines, and choked waste-water pipes, in the vicinity of the doors or 
windows. (2) Then inspect the interior of the building to seek causes 
of contamination from within, such as dirt on the floors and walls, ac- 
cumulation of refuse or filthy clothes, foul drains, and nahanees. (3) Then 
you will proceed to examine whether the ventilation of a room under 
ordinary conditions is sufficient or not, and for this purpose, a room should 
be examined early in the morning after it has been occupied by the full 
number of inmates during the night, and in its usual condition of ventilation, 
before such doors and windows as are closed at night, have been thrown open. 
There are two rough and ready tests for this exajnination : — (a) Smell-lest, 
To carry out this test, remain for sometime in pure open air, and 
then rapidly enter the house or room and notice the odour if any. , If the 
air in the room does not differ .sensibly from the outside air, the ventilation 
may be regarded as perfect. If otherwise, you will note the degree 
of stuffiness of the atmosphere, such as close, unpleasant, or very close and 
foul, (b) Lime water-test : — ^This test is for determining as to whether 
the amount of C02 in the room is above or below the “ permissible limit”. 
To carry it out, take a clean, dry, wide-mouthed bottle of the capacity 
of about lOJ- ounces, fill it up with clean water, and empty it in that part 
of the room, the air of which is intended to be examined, and allo^v it to 
drain well. By so doing, air will take the place of the water in the bottle. 
Half an ounce of lime water, carefully measured, is then poured into the 
bottle, which is to be well stoppered or covered with an India-rubber cap, 
and set aside after being well-shaken. After the lapse of .six houns the 
lime water in the bottle should still be quite clear when shaken up. If 
it is turbid, it denotes that more than .06 per cent, of C02 is present in 
the air examined. 

The next procedure is to measure the amount of cubic space and 
floor space in the room. If the room be square or oblong wdth a flat ceiling, 
the cubic space will simply be the three dimensions of length, breadtli 
and height multiplied into each other. If the room be circular or of a 
re.gular form, with a curved ceiling, the following rules for the measurement 
of circles, triangles, etc., should be used : — 

CALCULATION OF AREAS. 

Triangle. 

Area=Half the product of base and 
height. 

This may be obtained by multiplying 
the base by the height and halving the 
product, or by multiplying the base 
by half the height or the height by half 
the base. 
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Quadrilateral or Four-sided Figures. 
Bectangle and square (in both of which 
all angles are square). 

Area=The length multiplied by the 
breadth. 

Rhombus or rhomboid (in which 
the opposite sides are parallel). 

Area=The base multiplied by 
the perpendicular height. 





Trapezoid (in which tw'o sides only 
are parallel). 

Area=Thc mean length of the parallel 
sides multiplied by the perpendicular 
ciistance between them. 


Trapezium (which has none of its 
sides parallel). 

Area=Half the sum of the per- 
pendiculars multiplied by the diago- 
nal on which they fall. 




Qlobe or Sphere. 

Volume = Cube of diameter multiplied by 
one-sixth of 3'141G (f.e., '5236), or area of 
circle having same diameter as sphere multi- 
plied by two-thirds the diameter. 


Segment of a Sphere-. 

Volume=Ai-ea of base multij)lied by two- 
thirds of the height. 
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Ellipse. 

Area=The long and short diameters mul- 
tiplied together and the result multiplied 
hy -7854. 

Circle. 

Area=Sq^uare of diameter multiplied hy 
•7854, or square of radius multiplied by 
3-141G. 

Note. — The area of a circle is equal to that 
of a triangle whose base and altitude are 
equal to the circle’s circumference and radius. 

Segment of a Circle. 

Area— The cube of the height divided 
by twice the length of the chord added to 
two-thirds of the product of chord and 
height or the area of the sector which 
^ has the same arc, less the area of the 

I Cnora triangle formed by the radii and the 

chord. 

Note. — W hen the segment is greater than a serai-circle, find the area 
of the circle and deduct the area of the smaller segment. 

Sector of a Circle. 

Area=Half the product of the arc multi- 
plied by the radius, or length of arc multi- 
plied by half the radius, or the number of 
degrees in the arc multiplied by the area of 
the circle and divided by 360. 

Circumference of an Ellipse=Multiply half the sum of the two dia- 
meters by 3*1416. 

An?/ figure bo?inded by right Zi?ies=Divide into triangles and take the 
sum of their areas. 

Cubic capacity of a solid. triangle=kxes. of triangle X depth. 

„ ,, cone or pyramid=kxea of baseX -J- height. 

Having determined the gross cubic space, it is usual to deduct from it, 
the space occupied by large solid objects in the room, such as beds, cup- 
boards, etc. The available space for ventilation is arrived at, after making 
these deductions. Next proceed to examine the various openings for the 
inlet of fresh air and the exit of foul air. In ordinary natural ventilation 
as obtained in the City, the same openings will serve for entrance and 
exit of air. The points to be noted are, that the openings should be suffi- 
ciently large, sufficiently numerous, and placed at sufficient intervals 
so as to bring about an equable distribution of a proper quantity of air. 








CHAPTEE VI. 


Food. 

Food is necessary for the formation of new tissues, 
for the repair and renewal of the wasted tissues and for 
the production of heat and energy. The diets of nations 
are influenced by varying circumstances such as avail- 
ability, climate, habits and customs, economic conditions, 
occupation, etc. A defective diet retards development 
physically and mentally, lowers resistance and renders one 
more prone to infectious diseases, gives rise to certain 
deficiency diseases and affects health in a number of other 
ways. Food if clean, fresh, and wholesome ensures health 
and well-being but if unw’-holesome and contaminated gives 
rise to various diseases. 

Man is, in practice, omnivorous ; he, however, adopts 
such food as is suitable to the environments and the climatic 
conditions he lives in, and to the daily pursuits of his life, 
whether active or otherwise. Thus the inhabitants of ex- 
tremely cold climates take large quantities of animal food 
with fats, as it serves a double purpose, nutritive and heat- 
producing. In temperate climates, other conditions prevail 
and the people adopt a food suited to the physiological 
requirements of a temperate climate. The food is of a mixed 
nature, consisting both of animal and vegetable products. 
In tropical climates the conditions are entirely changed ; the 
temperature is such as not to demand a continuous supply, 
of a heat-producer, and the land produces an abundance 
of vegetables, fruits, etc., which are more agreeable to taste 
and more easy of digestion. 

Food may affect man adversely in several ways : — 

(1) Animal parasites, e.g.. Trichinae and Cysticerci. 
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(2) PatliogemcBacteria,e.£f., Bacilli of the Salmonella 

group, B. Typhosus, Cholera, etc. 

(3) Bacterial Toxins, e.g., of B. Botulinus. 

(4) Katui-al poisons in Mushrooms, Certain Fungi 

(Amanita Phalloides) and Fish. 

(5) Special poisons, e.g., Solanin in potatoes, Ergot 

in rye, Tyrotoxicon in milk. 

(6) Idiosyncracy of certain persons to certain foods 

e.g,, eggs, tomatoes, &c., causing allergic symp- 
toms. 

(7) Poisons introduced from outside, e.g., lead, arsenic 

copper. 

(8) Over-eating or underfeeding. 

(9) Defects in digestion and metabolism. 

(10) Defects in the composition of diet, e.g., excess 
or deficiency of proteins, carbohydrates, fats, 
or absence of Vitamins. 

Physiologuoal Changes — The Alimentary Canal. 

In the human system provision is made for the digestion 
of animal and vegetable proteins, starches or carbo- 
hydrates, and fats and oils. In the mouth, in the process of 
mastication and trituration, the food is intimately mixed with 
saliva which contains a ferment, “ ptyalin,” by the action 
of which starchy and farinaceous foods are dissolved and con- 
verted into soluble sugar compounds ready for assimilation 
and absorption. In the stomach, there is the gastric juice 
containing a ferment called “ pepsin,” which acts on 
protein compounds converting the same into soluble and 
easily absorbable forms called “ peptones”. The portions of 
food not digested in the stomach, pass into the intestine 
which receives secretions from two large and important 
glands, the liver and the pancreas. 

The secretion of the liver is bile. By its action the animal 
fats and vegetable oils are emulsified and saponified, and ren- 
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dered easy of digestion. Tlie pancreas supplies tlie pancreatic 
juice possessing peculiar properties wliicli' enable it to per- 
form the functions of both, tbe gastric juice and saKva. The 
action is due to the three ferments it contains, namely, (1) 
trypsin, (2) amylase and (3) lipase. Trypsin peptonises 
the unchanged proteins and splits the peptones up into 
amino-acids, viz: leucin, tyrosin and aspartic acid, cry- 
stalline nitrogenous substances very different from proteins. 
Trypsin is, in all respects, a more powerful ferment than 
pepsin : it reduces peptones into more easily absorbable 
products. Amylase or sugar-forming ferment changes starch 
into dextrin and maltose, just like ptyalin of saliva. Lipase 
or fat-splitting ferment splits up fats into glycerine and 
corresponding fatty acids ; the latter acids unite with the 
alkalies of the pancreatic juice and bile and form soaps 
which emulsify and saponify fats and oils. As digestion 
proceeds, the food is reduced first to a sloppy condition 
and finally to a liquid state. This fluid is of a milky 
consistence and is called chyme ; as it passes downwards 
it is absorbed by hair-like processes called villi, which 
project from the walls of the intestine, and from these it 
soon passes into the blood vessels with which the intestine 
is abundantly provided- 

Foods may be divided into animal, vegetable, and mineral. 
Animal food includes meat, fish, eggs, milk and its products, 
animal fats and gelatin. Vegetables include cereals, pulses, 
roots and tubers, green vegetables, fruits and nuts, and 
vegetable oils. Minerals are derived from animal and plant 
foods and are mainly calcium, potassium, sodium, chlorine, 
iodine, magnesium, iron, sulphur, etc. Sodium Chloride and 
water, and dissolved salts are taken separately. 

The food constituents ma\” be classified into nitrogenous 
and non-nitrogenous. The former includes the Proteins, 
and the latter Carbohydrates, Fats and oils, mineral salts, 
vegetable acids. Vitamins and water. 
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Proteins include mostly all the organised nitrogenous 
substances which occur in animal or vegetable tissues. The 
proteins or albuminoids are highly complex salts composed 
approximately of 16% m’trogcn, 54% carbon, 22% Oxygen, 
7% Hydrogen, and 1% Sulphur. The proportion of N to 
C is in the ratio of 2 to 7. 

In the digestive tract the proteins are hydrolysed by the 
digestive enzymes and split up into substcinces of progrossivelv 
fii'mi-niRTiin g molecular size. The products in order of forma- 
tion being (1) Metaproteins, (2) Proteoses, (3) Peptones, (4) 
Polypeptides and (5) Amino-acids. 

The ultimate cleavage products of the proteins are there- 
fore, the Amino-acids of which there are about seventeen, 
e,g., Tryptophane, Histidin, Arginin, Lysin, Leucin, etc., all 
of them being indispensable constituents of an adequate 
diet, as it is from these that the body cells reconstruct the 
portions necessary for themselves. The proportion of Amino- 
acids vary in difierent proteins. The nutritive value of 
proteins will depend on the number and proportion of Amino- 
acids present. As the result of katabolic piocessc s in the 
body, the proteins are finally broken down into CO2, H2O 
H2SO4 (combined as sulphates), urea and creatinine which 
are excreted in urine and other excretions. Animal pro- 
teins are better than the vegetable. They have biologically 
a higher value, as they contain all the necessary Amino- 
acids and are easily digested. Casein contains all the Amino- 
acids necessary to build up tissue, hence milk is the best 
food. Meat, liver, eggs and a few seeds, e.g,, peas and beans 
also contain proteins of good quality but cereals do not contain 
all the Amino-acids necessary and tubers and vegetables still 
less. Proteins are necessary to build up the tissues and form 
the digestive and other fluids of the body, repair waste and 
yield energy in the form of heat and muscular power. Some 
of the decomposition products of the proteins are harmful 
to the system and are excreted. IfJ an excess of meat be 
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taken, these waste products will not all be excreted and will 
accumulate, and the excretarj organs will be overtaxed and 
derangement of the liver and kidneys will ensue. A diet of 
about 100 grams per day of protein is usually regarded aa 
sufficient but Mc’cay found that the average Bengali only 
takes 39.5 grams protein. 

Fats are the compounds of Glycerine and the fatty acids 
Palmitic, Stearic, Oleic, etc. They contain C, H & 0, but 
no N, the 0 being leas than is necessary to form water with H. 

Fatty foods rejiair and renew the fatty tissue and yield 
energy and heat. The energy yielded by fat is more than 
twice that of an equal amount of Carbohydrate as it contains 
more C in the molecules. 

Fats are taken as butter, fat of meat, fish oils, vegetable 
oils from nut and seeds (e.//. cotton seed oil, olive oil, etc.) 

The fats of milk and eggs are specially rich in fat soluble 
Vitamin A, and Cod liver Oil has a good deal of antirachitic 
Vitamin D. Lard and vegetable oils are devoid of Vitamins. 

Fats are stored in the connective tissue and serve as a 
reserve material for use when required as a source of energy. 

Absence of fat in diet will give rise to mal-nutrition 
and possibly tuberculosis. If fats solely replace carbohy- 
drates in a diet, or in conditions e.g., Diabetes, in which the 
carbohydrate metabolism is deranged, acidosis and serious 
consequences may arise due to the defective oxidation of the 
fats in the absence of carbohydrates. 

Carbohydrates are composed of C, H & 0, the two latter 
being in the same proportion as in water. 


The Carbohydrates can be divided into Monosaccharides, 
Diasaccharides, and Polysaccharides, 


M onosaccliarides. 
(Ce Hi2 06 ) 

Glucose + 
Fructose — 
Galactose + 


JJias'iccJiarides. 

( Ci 2 H22 Oil ) 

Sucrose + 
Lactose -f- 
Maltose-i' 


Polysaccharides. 

( Oe Hm Oj )n 
Staroli+ 
Glycogen4- 

Dextrin -f- 
Inulin — 
Cellulose — 
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-f and — signs indicate dextro and Isevo rotatory respectively 
as regards polarised light. Carbohydrates are taken in the 
form of cereals (rice, wheat, etc.) tubers (potatoes), sugars and 
juices of fruits, etc., and flesh (Glycogen). Carbohydrates are 
concerned vuth the production of animal -heat and energy, 
and the formation of new fatty tissues. They also maintain 
the proper reactions of the various body fluids. 

Mineral Salts form one twenty-fifth part of the body. 
The most important elements are calcium, potassium, sodium, 
iron, phosphorus, magnesium, manganese, sulphur, chlorine 
and iodine. 

Mineral Salts are builders of tissues and sources of 
potential energy. They help to keep the proper reactions 
of the body fluids. They are abundant in bones and teeth, 
and are also present in the blood, muscles and soft tissues. 
No single foodstuff, except milk, contains all the mineral 
salts in the right proportion needed for the body. Even 
milk is poor in iron.. Some foods, e.g., meat, pulses, and cereals 
are rich in acid producing elements, whilst others e.g. leafy 
vegetables, roots, tubers and fruit, in the alkali producing. To 
maintain the proper reaction of the body fluids it is Jiecessary, 
therefore, for cereal and meat eaters to have j)lenty of fruit 
and leafy vegetables. As mineral salts are usually soluble 
in water, in boiling vegetables and other foods, much of the 
salts will escape into the "water which should, therefore, not 
be discarded. Mineral salts being principally present in the 
outer covering of cereals, polished rice, and white wheat flour 
contain very little mineral matter. Calcium is present in 
milk, eggs, pulses, fruits, and green vegetables, iron in beef, 
eggs, liver, spinach, pulses and cereals, manganese in wheat, 
and phosphorus in potatoes, eggs and milk, etc. Deficiency 
of mineral salts in diet will give rise to rickets, bad teeth, 
anaemia, constipation, gastric troubles and may aflect the 
alkalinity of the blood. 

Vegetable acids of fruits and vegetables have a beneficial 
effect on the well-being of the individual. They occur as 
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salts of citric, tartaric, malic, oxalic, lactic and acetic acids 
and are converted into carbonates wbich produce tbe allca- 
linitj, wbich is a necessary character of the normal consti- 
tution of blood and other fluids of the body ; when deficient 
or absent from the food, a state of malnutrition occurs which, 
if continued, finally developes into scurvy. 

Water . — In the human system the percentage of water to 
the body weight is about 62 and the body loses about 100 
ounces daily. The necessity for water is therefore obvious ; 
it must compensate for the losses caused by the excretory 
organs and skin. Its presence is a necessary condition for the 
occurrence of chemical changes in the human system. It is 
valuable for the dilution and solution of solid foods, where- 
by they are easily digested and assimilated. Moreover, 
it is a necessary constituent of all body tissues. 

The quantity required by each individual varies according 
to the bodily labour and the temperature he lives in. The 
more the functional activity of the body organs, the more is 
the need of water. 

Vitamins. 

Clinical and experimental observations during recent 
years have given us an insight into the influence of certain 
“accessory food factors” present in minute quantities in 
natural food, which are indispensable for the normal growth 
and health of an animal. Chemists have analysed the various 
foods and estimated the percentage of the four basal con- 
stituents, viz: protein, carbohydrates, fats and mineral 
salts, and have expressed the energy value of foods in calories. 
Scientists have gone a step further and have proved that 
in addition to being supplied with food which contains the 
necessary energy value and the four basal constituents, 
animals require certain other substances, which have not as 
yet been chemically isolated, but which though present in very 
minute amount in natural foods, yet play a very important 
role in nutrition. Food devoid of these constituents will 
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wholly fail to promote growth and health, and grave symptoms 
of actual disease may supervene with the continuous use of 
such a diet. 

Scientists have attempted to replace natural foods 
by artificial diets containing pure protein, carbohydrates, 
fats and mineral salts obtained by extracting them by chemi- 
cal processes from natural foodstuffs and purifying them. 
Hopkins for instance, fed young rats on caseinogen (protein), 
lard (fat), starch and cane-sugar (carbohydrates) and inorganic 
salts and adjusted their amounts so as to supply an adequate 
and well balanced supply of the necessary food units. Grovdh 
invariably ceased after a comparatively short period and the 
rats died. To another batch of rats, in addition to this 
basal ration of purified foodstuffs mentioned above, he allowed 
a daily amount of raw milk and the result was normal and 
continued growth. 

The great efficiency of natural over artificial foods proves 
that some unidentified substances are present in natural 
products, which are destroyed in the process of preparation 
but which are essential for growth and maintenance of health. 
These accessory food factors are now called Vitamins. The 
Vitamins are certainly chemical entities present in minute 
quantities in certain foods and though it has not been possible 
to isolate them at present in a state of purity, much informa- 
tion has been gathered on experimental evidence, as regards 
their origin, distribution and their physiological and chemical 
properties. In the present state of our knowledge tlie 
following Vitamins have been identified, viz : Vitamins 
A, B, C, H, & E. A shortage of these in food will cause 
certain diseases e.g. Eickets, Xeroj^hthamia, Beri-Beri, 
Scurvy, Pellagra, &c. and hence they have been called 
“ Deficiency Diseases ”. Vitamins also have an important 
bearing on resistance and immunity, and a deficiency will 
cause increased susceptibihty to certain infections parti- 
cularly of the respiratory and digestive tracts. 
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Vitamin A , anti-xeroplithalmic or fat soluble A — is present 
in milk, butter, egg yolk, fist fat, cod liver oil, fish roe, liver, 
kidney, mutton and other animal fat, and in leaves of plants, 
and sprouted pulses and is absent in wMte flour, polished 
rice, and vegetable product. It is formed by the action of sun- 
light on the green leaves of plants, 'and animals living on plants 
store it in their milk, fat, and glandular organs. It is not 
soluble in water but is so in various solvents for fats 
Ether and Petroleum. It is not stable at high temperatures 
and oxidation processes destroy it. It is not destroyed by 
ordinary cooking, but if cooking is prolonged and the food 
exposed to the air whilst cooking, Vitamin A will be 
destroyed. Vitamin A is needed for growth and repair, to 
maintain the proper composition of the blood and to protect 
one from infectious diseases. A complete lack of Vitamin A 
will cause cessation of growth. The specific effect of a lack 
of a sufficient amount of this Vitamin is the development of 
Xerophthalmia (inflammation of the eyes) which may lead to 
blindness. There wfill be also a tendency to infections, of 
the intestinal and respiratory tracts. 

Vitamin B or water soluble B is resistant to heat. It has 
been proved to be separable into two or more components 
which suggests its multiple nature. It is supposed to include 
Vitamin Bj auti-nueritio (anti-beri beri) which is the more 
heat labile, and Vitamin B« (P. P. or Pellagra preventive) 
which is the more heat stable. Besides these. Vitamin B3 
and Br, necessary for normal nutrition in pigeons. Vitamin B4 
for rats and factor Y have been identified. Vitamin Bj is 
found widely distributed in all natural foodstuffs except 
honey, egg-white and endosperms of cereals. It is abundant 
in cereals (wheat, rice, etc.), pulses (peas, beans, etc.), vege- 
tables (water-cresses, lettuce, carrots, etc.), eggs, liver and 
yeast. The embryo and outer covering of cereals are the 
largest depositories, the endosperm being entirely deficient. 
Milk, meat and fish are poor in Vitamin Bi. 
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Vitamin Bo has been found to aooompany Vitamin in 
foodstuffs, but their quantitative distribution varies, meat 
and milk being rioher in B2 and egg yoUr, green vegetables 
and wheat embryo in Bi. Hen’s white of an egg contains 
Vitamin Bo but is devoid of Vitamin Bj . 

Vitamin Bi in addition to affording protection against 
polyneuritis (Beri-Beri) is an essential factor for the normal 
growth and health of the body. A deficiency of Vitamin B^ 
may cause loss of appetite, inanition, anmmia, malnutrition 
of the nervous system and cardiovascular depression. The 
process of milling and parboiling rice removes the Vitamin Bj. 
The use of polished rice, i.e. rice deprived of its outer coverings 
has been proved to be the cause of Beri Beii, and when the 
polishings are added, or when whole rice is used, the disease 
is cured. 

Deficiency of Vitamin B^ (anti-dermatitis or P. P. 
Vitamin) is associated with skin lesions, e.g. Pellagra which 
causes dermatitis on the face and hands and inflammation 
of the alimentary tract. Pellagra has been attributed by 
Punlr to be due to the polishing of maize which removes the 
husk or outer coat. 

Cooking e.g. boiling of vegetables, or stewing of meat does 
not as a rule affect the Vitamin B except through the diffusion 
of the Vitamin into the cooking water. The high temperature 
required for caiming of foodstuffs may however seriously 
affect Vitamin B. Drying of foodstuffs which have a high 
water content will increase the amount of Vitamin B relative 
to bulk. 

Vitamin C — antiscorbutic Vitamin or W’'ater soluble C, 
is, of all the Vitamins, the most easily destroyed by heat, 
drying, oxidation, &c. It is soluble in water and alcohol. 
Cooked food has verj^' little of Vitamin C and dried foods 
none. Continued use of tinned food without any fresh fruit 
and vegetables will give rise to scurvy. 



Vitamins. 


395 


Vitamin C is necessary to ielp the other Vitamins in 
building the body specially the teeth and bones, to keep 
the blood pure and of proper composition, to keep the bowels 
regular, and to resist infections. 

Vitamin C is present in fruit specially oranges, lemous, 
tomatoes, fresh vegetables, and sprouted peas or beans. It 
is absent in lean meat, cereals, vegetable and animal oils, 
dried vegetables, fruits, nuts, tinned milk, dried milk, sugar 
and honey. 

Vitamin I ) — antirachitic Vitamin is present in all animal 
fats (except lard) e.g. milk, butter, yolk of egg, fish oils, e.g. 
cod liver oil, and in some fish fat. A little is present in cocoa- 
nut oil and peanut oil but not in most vegetable oils. It is 
abundant in cod liver oil. It is a fat soluble vitamin and is 
resistent to heat. Deficiency of this Vitamin will cause 
Rickets and Osteomalacia. Children whose food is deficient 
in Vitamin D will be cross, nervous and restless. Their 
bones will be soft, their legs deformed, their spines crooked, 
their muscles flabby, their teeth decayed, and blood poor. 
They may be prone to convulsions, and will be liable to 
catch colds and diseases of the respiratory organs. Roods 
exposed to ultraviolet light are known as irradiated foods and 
acquire antirachitic properties. Rickets can be cured by 
cod liver oil, and a daily exposure to sun-hght which inhibits 
the bony changes due to a diet deficient in Vitamin D, or by 
the radiation of the Mercury Vapour Quartz lamp. 

Vitamin E — anti-sterihty Vitamin is present in green 
vegetables, specially fresh green lettuce leaves. The oil 
extracted from wheat germ is the most potent known source 
of Vitamin E. Deficiency of this Vitamin produces different 
results in male and female animals. In male rats and mice, it 
produces a gradual loss of reproductive power leading to com- 
plete and incurable sterility (Evans & Burn 1927). In the 
females, however, fertilisation of Ova and their implantation 
take place without any difficulty but the fcBtuses die in the 



396 


Sanitation in India. 


Uterus and are resorbed. Unlike that of the male, sterility 
in the female is amenable to treatment with. Vitamin E. 

The part played by Vitamin E in the problems of human 
fertility are being investigated at present. The only results 
as yet published are those of Vogt-Moller (1931). Two 
women who had experienced 4 and 5 previous miscarriages 
were treated with wheat-germ oil. In both cases, a successful 
pregnancy occurred. 


Diet. 

Dietaries of individuals differ according to the nature 
of their occupation, physical labour and energy expended, 
body-weight and surface area, sex, age, climate, availability 
and cost of food, taste and desires, religious prejudices 
social customs, etc. Various physiologists differ in the quality 
and quantity of food they recommend under varying cir- 
cumstances. Energy is necessary for (1) the internal mech- 
anical work of the body which is required for the maintenance 
of circulation, respiration, digestion, etc., (2) external mechani- 
cal work expended in movement or locomotion, lifting and 
carrying weights, etc. The internal mechanical work is 
performed mechanically by the heart and the organs and is 
estimated at 260 foot tons, i.e., “ it is equivalent to the work 
which a man does who raises 260 tons to the height of one 
foot 

Dietaries are therefore calculated according as the diet 
is necessary for : — 

(1) Subsistence, just sufficient for the internal 

mechanical work of the body. 

(2) Ordinary work (consumption of energy equivalent 

to 300 foot tons). 

(3) Laborious or hard work — to compensate a work 

equivalent to 460 to 500 foot tons. 
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The theoretical amouat of heat production or energy 
produced on the combustion of 1 gramme of each of tjie three 
principal constituents of food with oxygen are as follows : — 

Proteins . . ..= 4.1 calories 

Carbohydrates ..= 4.1 „ 

Eats . . ..= 9.3 „ 

It will be seen that 2|- parts of carbohydrates supply as 
many calories as a 1 part of fat. 

The subsistence diet for a man of average weight and size 
(about 150 lbs.) should give about 2700 calories, and for light, 
moderate and hard work 3000, 3500, and 4000 or more calories 
respectively. (A calorie is the amount of heat necessary to 
raise 1 kilogram of water through 1“ C). For an average 
working class Indian weighing 9 stones, about 2500 calories 
would be required, rising to 3500 calories according to the 
part of India and amount of work he has to do. An Indian 
woman requires four-fifths of this amount or 2000 to 2800 
calories per day. 

A standard diet suitable for an Indian of average build 
and weight, doing moderate work should be approximately : — 

Proteins 90 to 100 grams (3 to 31- oz.). 

Carbohydrates 3‘60 to 450 grams (12 to 16 ozs.). 

Eat 80 to 90 grams (3 ozs.). 

Salts 20 grams. 

The energy value of the above will be about 3000 
calories. 

About 10 per cent more calories will have to be given on 
account of the incomplete absorption of constituents and 
another 10 per cent on account of waste and loss during 
cooking. 

If one part of fat is equivalent to 2 ^ of carbohydrates 
it will be seen that the ratio of protein to carbohydrates and 
fat is 1 to 6. This is the nutritive ratio and represents the 
proportion which the building material of the diet (protein) 
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bears to tbe energy yielding constituents (fat and carbohy- 
drates), By means of chemical analysis the relative propor- 
tions of proteins, carbohydrates and fats in every article of 
food have been determined and the potential calorific value 
have been worked. Thus one ounce of rice contains 2.3 
grams proteins, 22.3 grams carbohydrates and 0.85 grams 
fat. The proteins will yield therefore 2. 3x4.1 or 9.4 
calories, the carbohydrates 22.3x4.1 or 91.4 calories, 
and fats 0.085 X9.3 or 7.9 calories, the total being 
108.7 calories from an ounce of rice. Dietaries of the proper 
kind and amount of food can, therefore, be drawn up to 
contain the necessary amount of calories, and the essential 
proportion of the three important constituents. 


Kenwood gives the following table compiled from 
various sources showing the amount of food constituents 
required for ordinary and laborious work : — 


1 ~ 

Ordinary Work. 

Laborioi 

us Work. 

1 

I®..'- Proteins 

1 Oz. a\'. Grammes, 
4.6 127 

Uz. av. Grammes 

6.6 184 

■,;t- : ■ Pats . . 

3.5 99 

4.0 

113 

1 Carbohydrates 

14.0 397 

17.0 

482 

S Salts 

r 

1.0 . 28 

1.3 

37 

L. 

. ' ' Total water-free food 

23.0 651 

28.8 

816 

Calories 

3069 

3781 


/ The above figures represent dry food, but as the latter 

’ usually contains 50 to 60 per cent, of water the amount should 

f be doubled in actual practice. The proportion of nitrogen to 

carbon in the best diets is 1 to 15 and as the ratio of N to C 
in protein is 1 to 3 . 5 the extra carbon can be obtained from 
fats and carbohydrates. 

Proteins are necessary for the building up and repairing 
of tissues, and an intimate connection exists between the 
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physical and mental development and well-being of a people 
and the amount of animal proteins they consume. 

Carbohydrates and fats are spoken of as fuel foods as 
they contain great stores of energy. The carbohydrates 
are the greatest sparers of protein as they produce energy 
and heat and thus allow the j)roteins to concentrate on the 
building up and repair of tissues. They are easy to digest 
but when taken in bulk they throw a great burden on the 
organs of digestion. Fats help to decrease the amount of 
carbohydrates and thus relieve the intestines by bringing the 
diet within a reasonable compass. They give greater staying 
power but are more slowly digested. 

Chittendon as the result of experiments on athletes, 
soldiers, professional men, etc., held that nitrogenous equili- 
brium, health and efficiency could be maintained on a diet 
containing only half of the amount of protein usually advocat- 
ed, without increasing the non-nitrogenous element. The 
proportion of protein calories to the total calories according 
to Voit and Atwater is 3 : 20 but according to Chittendon 
is 2 : 25. But his conclusions are open to doubt for the 
following reasons ; — 

(1) A reduction in the amount of protein may be 

borne for a few months but if continued for 
years may lower the resistence of an individual 
to disease. 

(2) In case hard work has to be done, more fat and 

carbohydrates than can be digested will have 
to be taken. 

(3) It will render a person unable to assimilate in 

future more protein in cases of wasting diseases 
and convalescence. 

(4) There may be a gradual waste of nitrogenous 

substances from the body if there is a lack of 
protein. 
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There are various factors which will influence the amount 
and quality of the food required. 

As mentioned before a man at rest will require much 
less food than one who is doing much muscular work. 
Compared with diet for muscular work, diet for a man doing 
mental work should be smaller. The carbohydrates and fat 
should be reduced rather than the proteins. The latter 
stimulate mental work and should be derived from animal 
foods as these are more digestible and compact. 

Heavier the body more food will be required, but a 
muscular man of the same weight will need more than one 
whose weight is due to excess of fat, or heavy bones. 

A thin and tall man will require more food than a short 
and fat one of the same weight, as the former has a larger 
bcdy-surface and the loss of heat will be greater. The surface 
area of average man is 21|- sq. feet, and calculated on this 
basis about 130 calories must be obtained per square foot. 
Women require 1 /6 less food than men, as they not only 
weigh less, bub have relatively more fat and less of muscle. 

Children relatively to their weight require more food as they 
have a larger surface in proportion to their bulk and moreover 
they are growing. A child of eight will require little more 
than half, and a child of fourteen as much as an adult of the 
same sex. After 60, the food should be less, and old jDersons 
require less protein and carbohydrates and little more fat 
than middle aged persons. More food is required in cold 
climate than in temperate and in temperate than in hot 
climate. In hot weather the appetite is lessened and less 
food is taken. In very cold climate, the amount of food 
should be increased and in hot, the animal food should be 
diminished and the vegetable food increased. 

A well-balanced diet must not merely have the required 
number of calories but also the adequate proportion of the 
various elements of food, proteins with the essential amino- 
acids, carbohydrates and fats, mineral salts and vitamins. 
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Every food is usually ricli in one or two particular items 
but very deficient in others. Diets will have, therefore, to be 
judiciously planned out containing a variety of foodstuffs. 
It is well-known that one should not take too much of any 
one kind of food. “ Health depends upon a judiciously mixed 
dietary, a dietary regulated on the principle of moderation.” 

In nature, there does not exist any complete food having 
the adequate proportions of a mixed diet. Cereals form the 
sta])le food of Indians but they cannot be used as the sole 
source of nutriment as they are deficient in proteins, fats; 
certain mineral salts, and Vitamins A, C, and D. Wheat is 
comparatively rich in protein, but the proteins of all cereals 
are much less suitable than those of animal food. Polished rice 
and white wheat flour are devoid of Vitamin B. Pulses are 
rich in proteins but the latter are not of the same value as 
those of aniinal foods. They are useful in sup 2 fiementing 
cereals in diet but more than 4 ozs. cannot be digested daily 
by anyone. They arc poor in certain mineral elements and 
also in Vitamins A and C except in the case of sprouted pulses. 

Meat has the most suitable proteins but is deficient in 
carbohydrates, Vitamins and certain mineral salts e.g., 
( alcium. Milk, the ideal food of infants, is not a conijDlete food 
in the sense required by an adult, in as much as it is poor in 
iron and contains no starch, for the digestion of which two 
specific ferments are provided in the human system, namely, 
ptyalin and pancreatic amylase. It contains a large pro- 
portion of water and relatively large proportion of fats in 
comparision to the carbohydrates and proteins. Eggs have 
all the necessary nutrients for an adult but are deficient in 
carbohydrates and hence cannot be a complete and perfect 
food. 

Leafy vegetables and fruits are useful on account of their 
mineral salts and vitamins, and tubers are rich in carbo- 
hydrates ; but they are all deficient in proteids and fat. 

26 
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Mineral salts are also necessary, and an ordinary mixed, 
diet contains about 20 grammes of mineral matter exclusive 
of salts added to the food. Man also requires about 2J- 
pints of water every day for building up the tissues. 

It will be seen, therefore, that man cannot depend on 
any one foodstuff and that a mixed diet is most suitable. 

A combination of the following groups of foodstuffs are 
important in the drawing up of diet ; — 

(1) Milk and milk-products, (2) flesh of animals, (3) 
animal fats, (4) vegetable oils, (5) cereal grains, 
(6) tuber and root vegetables of all kinds, (7) 
peas and beans, (8) nuts and seeds, (9) leafy 
vegetables, (10) fruits and berries. 

A diet which consists essentially of cereals and pulses 
must be supplemented by milk, or meat, animal fat, leafy 
vegetables and fruits to make up for deficiencies of proteins, 
mineral salts and Vitamins. 

An inquiry into the budgets of the working class people 
of Bombay, revealed that the diet of an adult man was 
composed of about Proteins 60 grammes, carbohydrates 500, 
fats 32, equivalent to 2,563 calories. The ratio of calories 
of proteins to total calories was 1 : 10. It was lacking very 
much in proteins and vitamins, the bulk of the food being 
cereals chiefly rice (85.9%) and only 0.59 oz. of -milk and 
0.5 oz. of animal flesh was consumed daily. 

Compared with the industrial worker, the daily diet 
in the Bombay Jails consists of 24 ozs. cereals, 4 ozs. pulses, 
0.5 oz. meat, 0.6 oz. salt, 0.02 oz. oils and 8 ozs. vegetables 
besides condiments and it will be seen that criminals in Jails 
are well treated as regards diet. 

In drawing up a diet the following suggestions should 
be borne in mind 

(1). An extra allowance of 10 to 15 per cent, should be 
made for those doing very hard work. 
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( 2 ) 

( 3 ) 


( 4 ) 


10 per cent, should be added on account of waste. 

Age and sex considerations, as women, children and 
old people consume less. Lusk’s co-efficients are ; — 


Age <& Sex. 

Male over 14- . . 

Female over 14 
Child 10—14 
Child 6—10 . . 

Child under 6 

Not less than one-third of 
animal sources. 


Equivalent 
Adult Male. 

.. 1 .00 adult male. 

.. .83 

.. .83 

.. .70 

.. .50 

proteins should he from 


(5) A variety of cereals is preferable to only one, e.g. 

rice, wheat and bajri. 

(6) Pulses (Dhals) should not be more than 4 ozs, 

(7) Plalf of the fat should be from animal sources and 

if fat is not well digested it may be reduced to 
50 grams and more carbohydrates taken. 

(8) Vegetables and fruits should be four times the weight 

of meat and Dhal. 

(9) In very cold climates the amount of fat should be 

increased. 


The following table gives a well-balanced diet recom- 
mended by Dr. Ghosh for an average man doing medium 
work. It should be supplemented by fruits, and pure 
vegetarians may replace fish or meat by 4 ozs. of milk : — 


— 

Protein. 

C.H. 

Fat. 

Calories. 

Rice 8 oz. 

16 

204 

2 

832 

Atta 6 oz. 

21 

120 

4 

612 

Dal 4 ozs. 

29 

64 

3 

400 

Oil or Ghee 3 oz. 



87 

783 

Fish 4 oz. 

20 


8 

160 

Vegetables G oz. 

2 

"e 


30 

Milk 12 oz 

12 

14 

’i2 

210 

Total iu grarames 

100 

408 

116 

3,027 
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Yegetarian Diet . — Tie proteins from the animal kingdom 
have a higher biological value than those from the vegetable 
but the fats are as good. The disadvantage of a pure vege- 
tarian diet is that the bulk of the food is enormously increased 
so as to supply the necessary proportion of proteins, car- 
bohydrates and fats, which greatly interferes with digestion 
and absorption. This causes a disorder of the stomach and 
intestines and the increased distension of the alimentary canal 
gives the vegetarian a pendulous abdomen. Much of the 
protein is not digested and the physical development and 
nutrition thereby suffer. More blood and energy are required 
for the digestive tract and less goes to the brain, and the 
mental capacity is diminished. The large amount of water 
renders the tissues more flabby. 

Over-feeding— Wi&n. excess of food is taken, fermentative 
and putrefactive changes take place, foul smelling gases 
containing sulphur and phosphorus are formed and un- 
digested muscular fibres, fat and starch cells are detected 
microscopically in excess in the fames. The digestive 
apparatus is overworked, the stomach and bowels are 
distended, the fiver becomes congested, the tongue heavily 
coated and the products of putrefaction are absorbed 
into the system causing langour, headache, and fever. 
Over-eating also favours high blood pressure and arterio- 
sclerosis and diarrhoea and dyspepsia. Chronic over-eating 
and over-drinking will cause obesity with fatty heart 
and degenerative changes. Excess of carbohydrates causes 
fermentation and may give rise to diabetes, excess of fat wiil 
produce acidosis, and excess of protein putrefactive changes 
and irritation of the kidneys. 

Under-feeding will cause a large diminution in the working 
efficiency of a person, and will retard growth. Chronic 
under-feeding is worse than over-feeding. There will be loss 
of weight, anemia, specially in children and debility. 
Malnutrition in children is due to a faulty diet, too much of 
carbohydrates without a due proportion of protein. Dr. C. 
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Mann proved experimentally that children put on milk 
increased not only in weight and height but showed generally 
improved health and “ spirit.” 

During the last war, many soldiers who were underfed 
for a long period showed symptoms of dropsy, slow pulse, 
low blood-pressure and pol 3 niria. 

Under-feeding will lower the resistance to disease specially 
tuberculosis, scrofula, relapsing fever, typhus, etc. An ill- 
balanced diet, i.e., one deficient in some nutritive constituent 
will cause ill-effects. 

Certain people can fast for some weeks without taking 
any food except water. 

Meat. 

IMeat is very largely used by man as an article of diet. 
The flesh of slieejD, cows, pigs, goats, poultry and game is 
principally used but horses, donlceys, dogs, and cats are also 
slaughtered for human food. Animals that live on plant 
life are usually selected whilst the flesh of carnivora is rejected. 

Meat consists of muscle fibres held together by con- 
nective tissue, associated with which are also blood vessels, 
nerves, lymifiiatics, and adif)ose tissue. The toughness of 
meat is due to the muscle fibre and connective tissue. In 
young and domesticated animals the meat is more tender 
than in old and wild ones. In meat Glycogen and fat are 
stored as reserve foods. During life meat is alkaline in 
reaction but after death rigor mortis sets in and Sarcolatic 
acid is formed which gives it an acid reaction, rendering it 
soft. 

Animal tissues may be differentiated into (1) Glandular 
organs e,g. liver, kidneys, etc. (2) Muscular tissues. Both are 
rich in amino-acids. The former is rich in Vitamins A & B, 
and the latter deficient. Meat is very nutritive, as it contains 
all the amino- acids in the proportion necessary to build 
tissues. But as it is deficient in mineral salts and Vitamins 
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it alone cannot maiatain growth and nutrition. The 
following is the percentage Composition of Beef : — 

Water 76 - 7 ; Protein 18 • 8 : Eat 2 • 2 ; Carbohydrates 0 ■ 6 ; 
Salts 1'7. 

Among the important proteins in meat are Syntonic, 
Myosin, Muscle albumin, and Serum albumin. The extractives 
are Creatin, Creatinine, Xanthin, Hypo-xanthin ; the Carbo- 
hydrates include small quantities of Inosite and Glycogen. 

The nutritive properties of meat are due to the proteins 
and fat. The extractives in the meat juices give a flavour 
and taste to the meat and act as stimulants, but are not 
nutritive. 

Bones contain 24% protein, 11% fat, 48% ash and a 
nourishing soup can be prepared by boiling bones. 

The diseases which are usually transmitted to man by 
meat are : — 

(1) Parasitic Diseases due to Tsenia Solium, T. Mediocanel- 

lata, Trichna SpiraHs, and Distoma Hepatica. 

(2) Food infections due to B. Enteritidis of Gaertner 

and B, Botulinus. 

(3) Tuberculosis, Anthrax. 

There are several diseases of animals, which are transmis- 
sible to man through the use of unsound meat but usually 
they are not conveyed thus on account of the prevention of 
sale of unsound meat and the safeguard of cooking. 

Fish. 

Fish is extensively eaten in the tropical climates, and 
along the coast, where fish abounds, it forms one of the chief 
constituents in the dietaries of the people. Fish must be fresh 
and must be eaten as early as possible after being caught. 
In hot climates fish rapidly loses its freshness. Stale or partly 
decomposing fish is poisonous. It produces symptoms of 
Gastro-Enteritis. Fresh fish is always firm and stiff : any 
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drooping of the tail indicates staleness. Fresh fish has the 
slime clear and not discoloured, the scales are full and not dull 
or damaged, the eyes bright and not sunken and dull, the gills 
bright and red. If old, stale or starting to decompose, 
pressure between the finger and thumb produces an indenta- 
tion and may separate the skin from the flesh. Fish is in 
perfect condition just before spawning and is then said to be 
“ in season : ” during the process of spawning it becomes poor 
and thin and is “ out of season,” The flavour of fish depends 
upon the quantity of fat it contains and is also influenced by 
the food it takes ; carnivorous fish have a finer flavour than 
those which feed on vegetable food ; the former generally 
dwell in the sea and running streams, while the latter in 
muddy and stagnant waters. 

All stale or decomposing fish must be forthwith condemned. 
Fish is “ cured ” by salting and drying or by smoking. 
The entrails are always removed. The amount of nourish- 
ment in any given fish is not perceptibly affected by these 
processes ; and “ cured ” fish may be reckoned as simply equi- 
valent to fresh fish. The industry of salting and drying fish 
is lucrative, and the fisherfolk of coasting towns are engaged 
extensively in this trade. Unless fish is properly salted and 
dried by exposure to the sun, it is liable to decompose. Dried 
fish, with rice, forms the staple diet of the poorer classes in 
India. The “Bombay duck,” commonly called “bombla” 
or “ bombil,” requires special mention. It abounds along 
the Bombay and Gujerat coasts. It is eaten fresh, but more 
frequently salted and dried. The fresh fish is sometimes 
poisonous and produces symptoms of acute Gastro-Enteritis 
but the “cured” variety is extensively eaten; both the rich 
and poor indulge in it. If not properly cured, it is liable to 
decompose and produce Gastro-Enteritis. If fish is caught 
in spawning season, the roe is taken out and salted and 
dried ; for domestic use it is pickled and used as a dainty. 

Fish is also preserved in oil in tins in India. On the Mala- 
bar coasts sardines abound and European companies have 
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establislied factories for the turning and exportation of sardine 
The Indian mackerel is salted and smoked and exported to 
other countries. The fish is said to be poisonous during 
spawning season. 

The nutritive properties of fish are the same as meat 
Pish is poor in vitamins like meat but the liver oils from fish 
e.g. Cod-liver oil, have excellent antirachitic properties due 
to the large store of Vitamin D. 

Some fish normally contain substances toxic to man e.g 
various species of tetrodon and diodon. In Japan, the 
Fugu has often given fatal poisoning and in the Indian Ocean 
Anchovy Bellasa and the Mellite. Pish poisoning is sometimes 
due to the toxin of an anaerobe akin to B. Botulinus, 
Bacterial poisoning may arise from eating raw fish. B. 
Ichthyismus has been isolated from fish causing poisoning 
of the nervous system. The animal parasites found are 
Dibothriocephalus Latus and Paragonimus Westermanni. 

Shell Pish. 

Shell fish, scientifically speaking, are not fish at all ; they 
belong to the order of molluscs and crustaceans. Molluscs 
include oysters, mussels, clams, cockles, whelks; and the 
crustaceans include crabs, lobsters, prawns, shrimps, 
etc. Of the first group oysters and mussels are in great 
demand; of the second group, all the four mentioned are 
sought for. 

Oysters and mussels are generally eaten raw. Oysters, 
when fresh and coming from a reliable bed, are easily digesti- 
ble and are reckoned a dainty, but when they are "^collected 
from a bed to which sewage gains access, they are apt to be 
actively poisonous, producing symptoms of severe Gastro- 
Enteritis. Oysters may contain specific pathogenic germs 
gaming access to them from sewage contamination. They 
have been known to contain Eberth’s (Typhoid) bacillus, and 
to occasion local outbreaks of Enteric when they happen to 
come from contaminated beds, and the causation has been 
conclusively traced to this infection. Besides Eberth’s, 
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Bacillus Coli and Bacillus Enteridis Sporogenes have been 
found in oysters from polluted beds. Deep sea- water oysters 
are free from these germs and, therefore, perfectly harmless. 
Under certain circumstances, oysters are able to transmit 
the infection of Cholera. If there be any suspicion that an 
oyster was grown in a contaminated bed, it is best to discard 
it ; the bacillus lives both in sea- water and within the shell 
of the oyster. It has, however, been recently shown by 
scientists that oysters, mussels and cockles have the power 
of clearing themselves of infected germs partly by discharging 
them and partly by directly devitalismg the microbe. There- 
fore, oysters coming from suspected waters should be depo- 
sited in pure water for a time before consumption, but it is 
best to eschew them altogether, unless eaten properly cooked. 
The above remarks also apply to mussels and cockles. Ex- 
periments have shown that Bacillus Coli and Bacillus Enteridis 
Sporogenes are invariably found in these fish, especially 
in those coming from contaminated waters. These should be 
eaten properly cooked. The crustaceans, crabs, lobsters, 
prawns and shrimps should always be purchased alive and kept 
ahve until the time of cooking, because their flesh decomposes 
very rapidly and, when only slightly tainted, may produce 
disastrous results. Even when perfectly fresh, they are found 
to disagree with many people and give rise to minor disorders. 
Shell fish is generally said to produce “ Urticaria.” Mussels are 
particularly liable to be toxic. They suffer from enlargement 
of liver, wherein is produced an alkaloid (mitilotoxin) wdiich 
produces in man symptoms like those of curare poisoning. 
Mussels in this condition are, even if stewed, poisonous. 

Mussels should be tested by shaking them up in a bag ; 
if they rattle and the shells open up, they should be con- 
demned. Cockles, when bad are found on opening the shell, 
to be thin and when squeezed no liquid squirts from them. 
Crabs and lobsters should be examined under the apron and 
tail to see if they are discoloured. Grabs which after boiling 
are wet and sticky under the large claws are unfit for food. 
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Eggs. 

Eggs are largely used everywhere as an article of diet. 
Not only hens’ eggs, but eggs of ducks, geese, turkeys, turtles, 
guinea fowls, etc., and fish (fish roe) are used. If a fresh egg 
he held before a bright light, it will be more transiiarent at 
the centre and the air space at the larger end and the move- 
able yolk will be discernible. Stale eggs are transparent 
at their upper extremities. Any opaque spots should condemn 
an egg. 

If a fresh egg be placed in a solution of 2 ounces of salt 
in a pint of water it will sinlc, ivhereas a stale one will float. 

An ordinary egg contains shell 12% (calcium carbonate); 
white 58% and yolk 30%. 

The contents of an ordinary hen’s egg weigh about 1-|- 
ounces and contain 3. 79 grammes proteins, 3.97 grammes fat 
and yield 42 calories per ounce. 

The percentage composition of the white and yolk of 
hen’s egg is as follows : — (Hutchison.) 



Water. 

Proteinn, Fat. 

Extrac- 

Mineral 




tives. 

Matter. 

White 

.. 85.7 

12.6 0.25 


0.59 

Yolk 

.. 50.9 

16.2 31.75 

0.13 

1.09 

The composition of eggs as compared with lean beef is as 

follows : 

(Tibbies.) 

Egg. 

Beef. 



Water 

.. 73.7 

70.88 



Protein 

.. 14.8 

22.51 



Eat 

.. 10.5 

4.52 



Extractive 


0.8G 



Ash 

.. 1.0 

1.32 



Eggs are very nutritious and form a complete food 
capable of supplying all the chemical constituents for the 
formation of a chick. It cannot be used, however, by man as a 
sole source of nutriment. Eggs contain less calcium salts 
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and only a trace of sugar as compared with milk. The 
proteins in eggs like milk are of a high biological value 
containing phosphorus. Phosphorised fats (lecithin) are 
abundant in eggs. 

The white of an egg contains egg albumin, and smaller 
amounts of egg globulin and ovomucoid. The yolk contains 
a phospho-protein called Vitcllin. The white of the egg like 
milk contains Vitamin A and the yolk Vitamins A & D. The 
most important of the mineral constituents are phosphoric 
acid, lime and iron. Eggs are not sterile but contain bacteria 
which have doubtless gained entrance wdiile in the oviduct. 
Eggs, however, do not convey any disease to man but do cause 
the development of putrefactive organisms in the intestines. 

Eggs do not agree with certain people who have an 
idiosyncrasy for them, allergic symptoms e.g. urticaria 
syncope, vomiting and coma being produced. They could 
be cured, however, of this by immunising them with repeated 
doses of very small quantities. Eggs can be preserved by 
drying, and coating with wax, gum, oil, or placing in saw-dust 
to exclude air. 

Dried eggs . — Eggs are broken and the contents mixed 
and dried in revolving drums. The substance of the eggs 
forms a skin on the cylinder which is removed and powdered. 
They keep well and retain the nutritive properties of the 
original egg. 

Liquid eggs are contents of eggs mixed and preserved 
by the addition of large amount of Boric Acid. They are 
exported from China. 

Vegetable Foods (Cereals.) 

The cereal grains e.g. wheat, rice, bajri, etc. are our 
cheapest and chief sources of carbohydrates and all are 
about equally good in supplying energy. The cereal grains 
used by the different races in India are those which grow 
best in the country where they live. The inhabitants of the 
Western Ghats, for instance, consume more jawari and bajri 
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the Konkanis more rice, and the Sikhs and Punjabis in the 
north more wheat. 

Wheat is comparatively rich in protein but all the cereals 
contain proteins of a less suitable kind, as they are not 
absorbed from the intestine to the same extent as animal 
proteins. Wheat is poor in fat ivhile maize and barley, are 
rich. Rice contains most starch and is poorest in nitrogen 
and fats. Cereals arc deficient in Vitamins A, C & D, and 
certain mineral salts. They contain Vitamins B & E, but 
polislicd rice and white wheat flour are devoid of them and 
mineral salts. One therefore, cannot live on cereals alone as 
they do not contain in sufficient quantity all the constituents 
of food we require. Cereals arc good as a diet but they 
cannot bo the only food and must bo supplemented by 
enough milJv and milk products, pulses, green or leafy vegeta- 
bles and fruit. It is a very good plan to have a variety of 
cereals, e.g. rice, wheat, bajri, rather tlian one alone. 

McCarrison has proved that whole wheat has a much 
higher nutritive value than whole rice, due to its con- 
taining an excess of protein'^, larger vitamin content, and the 
presence of manganese which stimulates growdh. He ascribes 
the superior physic of the northern races of India (Sikhs 
and Punjabis) to wheat eating with the addition of milk and 
milk products, green vegetables, fruit, and occasionally meat 
and advocates such a diet for the people of India. In the case 
of rice not only is whole rice much inferior but the practice 
of parboiling, milling, polishing and washing to vdiieh it is 
subjected prior to consumption causes loss of Vitamins 
and mineral salts. 

Cereals are the complete fruits (grain or caryopsis) of the 
plants of the natural order “ Graminaca\” Speaking generally 
rice and maize are the produce of hot climates, barley and rye 
of cold climates, while wheat is extensively grown in both 
climates. Cereals contain a very large proportion of starch, 
above 70 per cent, of the .grain, while the albuminoid or pro- 
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teid material differs in different cereals, ranging for G.5 to 18 
per cent. Vegetable oil or fat exists to a very small amount, 
and salts represented by alkaline and earthy phosphates, 
although very small, are relatively large and important as 
nutritive substances ; it has also been observed that the larger 
the percentage of proteid matter, the larger is the proportion 
of these phosphates. 

Wheat is the fruit-grain (seed) of the plant Triticum 
Sativa, sub-order Hordeae of the Graminacm. It is grown all 
over the world. In India it thrives best wdiere rice does not 
grow ; it does not gro\v in districts along the coast where rice 
abounds. 

Indian wheat grain is not uniform in consistence and size 
but the variations are in the relative j)roportions of starch and 
nitrogenous substances and the change in mineral salts and 
oils is inffnitesimal. The albuminoid material varies accord- 
ing to the seed from 12 to 18 per cent., and there is correlative 
reduction in starch, about 6 per cent,, which is not striking, as 
the reduction is small having regard to the large percentage 
of starch in wheat grain (about 70 per cent.) 

Indian wheat is of twn varieties, the white and the red ; 
the former is rather soft and has an opaque kernel or endo- 
sperm and the latter a red and translucent one, which 
indicates a large percentage of nitrogenous matter or 
albuminoids, while the former has a higher percentage of 
starch. The average composition of Indian grown wheat is — 

Water .. .. .. 12.5 per cent. 

Albuminoids .. .. 13.5 

Starch .. ■ .. G8.4 

Oil 1.2 

Fibre 2.7 ,, 

Ash 1.7 

The legal standard in Bombay for wheat flour is that 
it should not contain more than 2 per cent, of ash or less 
than 8 per cent, of gluten. 
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The nitrogenous matter or albuminoid in wheat consists 
of different substances : gliadin, mucin and fibrin con- 
stitute the crude ‘ gluten.’ This substance may be readily 
obtained by kneading the flour with water and subsequently 
washing away tlie starch and soluble matters^ which are 
two ; albumin and cerealin. Gliadin renders the gluten tena- 
cious, stringy and elastic, and this cohesive property renders 
wheat flour so adapted for making bread. Cerealin has pro- 
perties akin to diastase, converting starch into dextrin and 
maltose. The carbo-hydrates are chiefly starch with a very 
small amount of dextrin and cellulose. The salts are princi- 
pally phosphates of potash and magnesia ; the nutrient ratio 
of wheat is 1 : 5, and nutrient value 84. 

Wheat flour is extensively used in Indian dietaries. The 
old process, which even to-day obtains in mofussil towns and 
villages where there are no flour mills, is to grind the wheat 
grain between mill stones into meal (flour). In Presidency 
towns, even the very poor have their wheat gromid at the 
flour mills which are established and worked by electric 
motors or small oil engines. In the City of Bombay such mills 
are dotted all over the place. The home-(hand) ground flour 
is classified into three portions : — (1) So(^i is the coarse flour 
derived from the outer coat of wheat ; (2) Atta is the finer 
flour from the middle portion ; and (3) maUa is the flour of 
the innermost layer. Atta is used for making Ghappaiis or 
Toiisy unleavened bread. Flour is kneaded with water into 
dough, which is spread over on a smooth surface to the 
required thickness, and baked over a fire or on a hot 
earthern platter. Chappatis are generally eaten with other 
vegetable foods or with milk or ghee. They are always eaten 
freshly prepared, as stale chappatis are dry and hard and 
consequently difficult of digestion. Chappatis prepared with 
ghee are more agreeable to the taste and keep longer. They 
form a part of every day meal among all well-to-do Indians. 

Sooji and maida are used in the preparation of Indian 
confectionery. ''Halva,'' so extensively sold in Indian 
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bazaars, is prepared by boiling sooji well mixed with ghee, 
sugar and water to the required consistence. It is a dear 
and heavy food. 

Wheat or its flour may be rendered unwholesome by being 
kept in a damp place or being attacked by certain fungi, the 
most common being Puccinia graminis which produces the 
“ smut ” of the wheat. Vibrions may be present in damp 
fermenting flour. Acari farinse are also common in damp or 
inferior flour which is beginning to change. 

Bread is also largely eaten in India. It is prepared in tbe 
same manner as in Europe, by addition of yeast to the dough 
or by addition of baking powders (alkaline carbonates with 
an admixture of tartaric acid), or by charging the dough with 
CO2. Ordinary white bread is made from flour ; brown 
bread is made from whole meal, and “ whole meal ” bread is 
made by addition of finely ground bran. This last variety is 
much used by persons suflering from chronic constipation 
because of its laxative properties. 

Biscuits are prepared from flour either plain with water 
or with addition of butter and sugar. They are baked until 
ail the water is driven off and without the use of yeast or 
any other means of raising the flour. Biscuits contain a 
large amount of nutrient material, and are also easy of diges- 
tion, and being dry keep a considerable time. 

Rice constitutes the main food of the people of tropical 
countries. Rice is the produce of a grass plant Oryza 
Sativa,” sub-order Oryzae of the Graminacae. It is exten- 
sively grown all over India and Burma ; in some places as 
many as four crops are obtained annually. According to 
Prof. Church ; “ The analyses of a large number of samples 
of “ cleaned rice give figures which are wonderfully accord- 
ant, considering the difference in appearance of the specimens 
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and tlie very diverse conditions under which, they are 
grown.” The following is the composition of rice : — 


Water 

.. 12.8 per cent. 

Albuminoids 

.. 7.3 

Starch 

.. 78.3 

Oil . . 

6 

Fibre 

4 

Ash 

6 


The nutrient ratio 
is 86 .5. 


is 1 


10.8 and the nutrient value 


The mineral matter consists of the phosphates of potash. 

Rice is the staple food of the natives of India. It is 
obtained from dUian or paddy or unhusked rice by pounding. 
In many districts dlian is boiled and dried by being exposed 
to the air and then unhusked by pounding. Hulled or husked 
rice is called chaul. OJmul boiled and cooked is called hJiat. 
In this process only so much water should be taken as can be 
absorbed by it ; if boiled in a large quantity of water, the 
mineral salts are dissolved out and lost as the excess of water 
is thrown away. Rice parched is known as hurmurah and is 
used by labourers at midday meals and by travellers. In 
Indian dietaries, rice is prepared in many ways with milk, 
sugar, mollasses, cocoanut juice, etc. 


Newly gathered rice is said to be unwholesome, as it is 
not easily digestible. It produces disorders of the alimentary 
canal, 'such as diarrhoea. Rice is deficient in mineral salts 
and also nitrogenous matter ; long continued use of this food 
alone deteriorates health, as the nutrient ratio is insufi&cient 
being 1 to 10 of albumin, while the standard ratio of perfect 
food is 1 to 5, a ratio which is present in wheat. 

Maize or Indian corn is largely grown in India, and is 
commonly called maccJiai in the North and as hutta in the 
Bombay Presidency. The original home of maize or Zea 
Mays is South America. The seeds are large and yellow. 
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Maize is rich in fatty oils amounting to as much as 5 to 8 per 
cent., proteins 9 to 12, carbo-hydrates 65, salts 1 to 2 and 
water 14. It is, therefore, very nutritious ; but because of 
the large quantities of fat, it is liable to become rancid 
and mouldy, and because of the deficiency in gluten it is not 
adapted for making bread. It has also a peculiar “ harsh ’’ 
flavour. Although not a very popular food, it is largely con- 
sumed by the peasant. The dry seed is ground into flour 
and prepared into a porridge or with milk into a pudding, or 
the whole seed is parched in hot sand and sold as “ pop-corn.’^ 
“ Corn flour,” extensively sold in Indian bazaars, consists of 
maize flour deprived of its “harsh” flavour by treatment 
with a weak solution of caustic soda ; in this process it 
loses a considerable portion of proteids and fats, leaving only 
pure starch. 

Barley is the grain of Hordeum Bistichon. It is grown 
largely in cold climates and also in tropical countries. In 
commerce it is found with husk and when groimd with it 
ioims harUy meal. This is largely used as horse-food. When 
deprived of the husk, it is called pot-barley and, when further 
rounded, it is called pearl-barley. Fresh barley ground into 
flour is called barley. Malt is the product of barley, 

yielded when it is allow^ed to germinate and germination stopped 
at a certain point by dry heat. Barley is not much eaten 
as food, but used in the preparation of malt and in the manu- 
facture of beers and spirits. Barley flour is inferior to wheat 
flour as it contains very little gluten, and is therefore un- 
suitable for making bread. Pearl barley is used for making 
“ barley water,” a pleasant and demulcent drinlc for the sick. 

Oats are the product of Avena Sativa. In commerce it 
occurs in husk, but when unhusked it forms groats, the flour 
of which is oatmeal. In Scotland and the north of England 
it is largely used as food : (1) oat-gruel, (2) porridge and (3) 
brose. Gruel is made by boiling the groats with water or miUc, 
and porridge by stirring the meal in boiling water until it 
comes to the consistency of pudding. Brose is prepared by 
27 
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treating the oatmeal in meat or cabbage soup. Oats are 
largely used as horse-food. It is a highly nutritious food, as 
it is. very rich in fat {10 per cent.) and nitrogenous matter 
(16 per cent.), and that it is so, is proved by the exceptionally 
good physical condition of the Highlanders. Others, liow- 
ever, do not appear to flourish on it, as porridge is apt to have 
an irritating effect on the intestines, causing diarrhoea. The 
nitrogenous matter is chiefly legumin with little or no gluten. 

Bye (Secale Cereale) is largely cultivated in the colder 
olimates, especially in Eussia and Germany. Eye-seed is not 
unlike wheat, but is darker and smaller. Eye is subject to a 
peculiar fungus disease due to a mycelium of Secale Cornutum, 
which grows at the expense and in place of the grain, produc- 
ing what is known as ergot of rye, and which attains to about 
3 times the size of the normal grain. It is black in colour 
and gives off a sickly odour and is of nauseous taste. If 
ergot-rye is allowed to germinate, it produces on its surface 
several club-shaped growths termed Claviceps Purpurea, 
which contain the spores ; when these ripen they are liberated 
into the air, and find attachment to the pistol of a flower of 
rye and impregnate it, and thus the ergots of rye are deve- 
loped. Pure rye is very nutritious, as the percentage of pro- 
teins is about 10 and of fat 2. The proteins consist largely 
•of gluten •, hence rye flour can be made into bread ; the bread 
is however dark, unpleasant to the taste and indigestible. 

Ergots, because of their size, are easily sifted from the 
normal grain and collected and sold. Their active principle 
* ergotine ’ and the extract and tincture are valuable drugs ; 
their therapeutic action is weU-known. 

Millets are other cereals largely grown in India and con- 
sumed as food. They are the (1) great millet or joar, the 
products of Sorghum Vulgare, (2) lajra or bulrush millet, 
the produce of Pennisetum Typhoideum, (3) raji natchni of 
Eleusine Coracana and (4) chem or Indian millet of Panicum 
Meliaceum. As a rule, millets are the produce of an 
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autumnal harvest. All these millets are smaller in size than 
the cereals (wheat, etc.) previously described, with the 
exception of Panicuni Meliaceum or Indian millet, which has 
a high nutrient ratio (1 : 6) ; all the rest have very deficient 
ratios not unlike rice. These minor cereals form the staple 
diet of the hill tribes, and are also consumed by Indian 
peasantry during time of scarcity and famine. They are 
eaten as gruel (conjee) or made into cakes or scones. 

Pulses are the seeds of leguminous plants. As compared 
with the cereals, they are richer in albuminous matter, vege- 
table fats and mineral salts. Pulses contain twice as much 
protein as wheat and four times as much as polished rice. 
Their proteins are of a higher biological value than those of 
cereals, but not as sxutable as those of animal food. An ounce 
of Dhal contains as much protein as one ounce of meat, twice 
as much as an ounce of egg, and seven times an ounce of milk. 

Some pulses and beans contain as much as 18 per cent, 
or even more of vegetable fat and about 4 per cent, of mineral 
salts. The nitrogenous matter they contain varies from 17 
per cent, to as much as 35 per cent, and consists of legumin 
or vegetable casein. The legumin is generally combined with 
sulphur and phosphorus, which naturally add to its nutritive 
value, but render it somewhat difiicult of digestion and apt 
to produce flatus. The starch is comparatively less than in 
cereals, averaging about 56 per cent. In India these pulses 
are generally eaten with rice and form the staple diet of 
Hindus. The pulses are first denuded of their seed coats or 
skins, and prepared in various ways either parched and 
ground into meal and prepared into curries or split and 
boiled with condiments, or ground into flour and made into 
confectionery. 

A few of tlie important pulses used as food in India are briefly- 
described below. 

(1) The groundnut or peanut; the seed of Arachis Hypogaea, sub- 
order Papilionaceae. The seeds grow in pods partially buried in the ground 
hence called groundnuts. Each pod is about 1 to IJ inches long and may 
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contain. 2 or 3 seeds. Its nutrient ratio is 1 : 5*4 and it contains 25 per 
cent, of albuminoids and as much as 50 per cent, of vegetable oil. The nu- 
trient value is 15 1. Oil pressed from the seed is bhoiaeng oil. It is used for 
culinary purposes instead of ghee and is used also as an adulterant of ghee. 
The split seeds are fried and mixed with molasses or ghur or jaggery, 
pressed into small squares and eaten. The cake, after the oil is expressed 
is used as cattle food. 

(2) Gram or chick-pea, the seed of Cicer Arietinum, sub-order Papilion- 
acea:. Common gram is cultivated almost all over India, but chiefly in the 
North. The seed is collected and dried in the sun. The unhusked seed is 
used as horse and cattle food. Gram parched and unhusked is largely 
consumed by the labouring classes. The nutrient ratio is 1 : 3 • 3. The per- 
centage of albuminoids is about 19, starch 53 and oil 4*5. The nutrient 
value is 84. 

(3) Keaari or Teora or Tuwar Dhal is a vetch, the seed of Lathyrus 
Sativa, sub-order Papilionaceas. Keaari Dhal is consumed by all classes 
but especially by the agricultural classes. The nutrient ratio of the dhal 
is 1 : 1*76, It contains albuminoids 32 and starch 64 percent, and a very 
small percentage of vegetable oil. The nutrient value is 87. Occasionally 
a bitter poisonous principle is present rendering it unwholesome and is 
said to be the cause of the disease known as Lathyrism. The dhal is boiled 
with spices and condiments and prepared into a tliicldsh paiste or curry 
and is consumed with chappatiea or rice. 

(4) The garden pea of Pisum Sativum and (5) the lentil of Lens Escu- 
lenta (Indian Musaoor) may be treated together. The pea is consumed 
as food when it is green — not ripened, and the lentil, which is regarded as a 
pulse of inferior quality, is eaten after the husk is removed. The lentils 
contain a bitter principle which is removed by soaking them in cold 
water, to which some soda carbonate is added. The nutrient ratio of 
each is about 1 to 2*6 and albuminoids 25 per cent, starch about 68 per 
cent, and oil 1 * 5. The nutrient value is about 85. 

(6) The soy or soja bean is the seed of Glycine Soja, sub-order Papi- 
lionacese. This bean is largely consumed in China and Japan ; of all the 
pulses or beans, the composition of soja bean is the richest in albuminoids 
and vegetable oils, the percentage being 35 and 19 respectively. The 
nutrient ratio is 1 : 2. It is rich also in mineral salts, chiefly phosphates 
and potash. The nutrient value is 105. 

(7) Mmg bean is the seed of Phaseolus Mungo. There are three varie- 
ties : P, Manx producing the black, P. Aureus the yellow, P. Mungo the 
green. The pods of these plants are about 2 inches in length, containing 
about a dozen seeds. The nutrient ratio is 1: 2*5, albuminoids 22 per 
cent, and fats 2 per cent ; the nutrient value is 83, This bean is largely 
indulged in by the affluent classes and has the reputation among Indians of 
being easily digestible, and is therefore eaten during illness and convales- 
cence. It is taken in the shape of Mung Jehichri, a dish prepared by boiling 
mung, rice, ghee and condiments in water to a certain consistency. ' 
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(8) The lab-lab bean ; this lentil Ib the produce of Dolichos Lab-lab 
sub-order Phaseolae. The plant is a native of India and cultivated all 
over the land ; the jiod is about 2 inches long and contains about 4 seeds. 
Both the green pods and the ripe seeds are largely used by all vegetarians. 
The nutrient ratio is 1 : 2*5. They contain a large percentage of albumi- 
noids (20 per cent.) and of fat 2 per cent. The nutrient value is 80. 
There are many varieties of this plant, and the beans may be large or 
small according to the size of the pod. Of the numerous forms of lab-lab, 
almost all are eaten as green vegetables. 

Cereals and pulses are collected in crops. They should, 
therefore, be carefully sifted, and stored in clean bags in 
properly paved and dry godowns or granaries. If not pro- 
perly attended to, they are liable to be rendered unwholesome 
by damp. They may become mouldy, and ferment and 
decompose. Grain in this condition is positively dangerous, 
and, if consumed, produces symptoms of severe gastro- 
intestinal irritation, causing violent vomiting and purging 
and even death. All such grain, therefore, should be con- 
demned. Large consignments of damaged, mouldy, wet 
and fermenting Rangoon rice have been, on several occasions, 
seized by the Health Department of Bombay under Section 
410 of the City of Bombay Municipal Act. The object was to 
prevent its entrance and sale in local bazaars, so that the 
same may not be used for human consumption. 

Certain cereals are afiected by specific fungi. Rye is 
ergotised by the mycelium of the fungus (Claviceps Purpurse) 
Secale Cornutum, The ergots if not carefully sifted and 
removed, but ground into flour with rye and made into 
bread and eaten, give rise to a disease called “ Ergotism.” 
The initial symptoms generally are vomiting and diar- 
rhoea, followed by either gangrene of the extremities or con- 
vulsive fits. 

Wheat is Hable to be attacked by a parasitic fungus, 
t-be Ustilago Carbo, producing “ caries or “ smut ” of the 
wheat. When wheat is ground into flour with smut, it gives 
a disagreeable odour and the bread turns bluish in colour ; 
if eaten, it causes diarrhoea. The presence of acariis farina 



422 


Sanitation in India. 


indicates that the flour is about to change, and if \dbrions are 
discovered the flour is fermenting and therefore unwholesome. 

Occasionally wheat flour is adulterated by an admixture 
of rye flour and, as rye grain is often ergotised, the use of such 
flour in bread may cause symptoms of Ergotism. Wheat 
flour may also be adulterated by the addition of the flour of 
darnel seeds or Lolium Temulentum and of the flour of purple 
cow-wheat or Melampyrum Arvense, The latter gives 
bread a bluish-violet tint but causes no poisonous or inju- 
rious symptoms. The addition of the flour of darnel seeds 
does not impart any colour to the bread but is decidedly 
poisonous, producing vertigo, hallucinations, delirium and 
other narcotic symptoms. The Lolium flour is readily 
detected by the addition of alcohol, which gives it a greenish 
hue with a bitterish repulsive taste and, on evaporation, 
leaves a resinoid extract of a very unpleasant taste ; with 
pure wheat flour, alcohol gives a straw-coloured solution 
with agreeable taste. Two alkaloids have been isolated from 
the darnel seeds : loliine and temuline produced by a 
parasitic fungus. Loliine is a digestive irritant, while 
temuline is toxic — a nerve poison. 

Paeasites. 

There are certain parasites which afiect grain, flour, peas, 
etc. ; these parasites may be divided into two classes, animal 
and vegetable. 

I. Animal Paeasites. 

The Oalandra Qranaria, or the corn weevil, is much larger 
than the flour mite. The insect perforates the shell and ab- 
stracts the contents leaving only the outer shell. It attacks 
the grain while standing. It is chestnut-brown in colour, 
and unlike the rice weevil has no power of flight, the elytra 
being firmly cemented together. 

The Acarus Farinw is found in flour which is beginning to 
change. It can be distinguished from the Acarus Scabei 
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which it somewhat resembles, by the fact that its legs are 
thick right up to the end, while those of the Acarus Scabei 
taper to a thin end. 

The Bruch us Pisi attacks peas. It is closely allied to the 
Br. Rufimanus wliich attacks beans. It is the larval forms 
of these insects which cause the damage. The grubs live 
in the seeds, and as a result the latter may not germinate, 
or if they do, the resulting plants are weakly. The adult Br. 
Pisi is oval, and dark in colour. The four basal joints at the 
antemue are red, as are also the shanks and tarsi of the two 
front pairs of legs. The adult beetles lay their eggs on the 
pea-pods when they are very young. The larva or grub, on 
hatching, bores into the pea and finding nourishment deve- 
lops to its full growth. It then pupates in the pea, having 
fiirst oaten its way to the outer coat, so that, when the beetle 
ivS mature, it has only to break through the thin outer skin. 

The Bruehus Rujvnumus, or bean weevil, lays its eggs on 
the very young pods in the fields. The grub bores its way 
into the bean and there develops. Two, three or more may 
be found in tbe same bean. The full-grown grub pupates 
in the bean and then, in the spring or earlier, the adult beetle 
emerges. A romid hole shows the place of emergence. In 
beans still containing the beetle, a Httle round patch on 
the outer skin marks the place where the beetle lies. 

The Caldfidra Onjzae or rice weevil is dark, reddish-brown 
ill colour, with four dull reddish spots on the elytra. Its 
lengtli is about 4 rn.m. It attacks all kinds of stored grain, 
e.g., maize, rice, buckwheat, and it also attacks peas and 
beans. The female pierces a hole and then lays an egg. 
There are upwards of four broods in a year. The larvse 
hatched from the eggs, consume the contents of the grain and 
then enter into the pupa stage for a few days and finally 
develop into the insect which leaves the grain. The meta- 
morphosis occupies about one month to six weeks. This 
weevil is a most destructive insect. 
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Tylenchus Tritici . — Grain becomes infected by a worm 
whicii is really the larval form of a nematode. It is usually 
seen in grain kept in damp places. The worm causes the 
grain to become small, short, thick and blackish, and on 
examination one finds a thick shell filled with a blackish 
substance. 

Preventive and Remedial Measures Against Insect 
Pests in Grain. 

(1) The godowns used must be free from these pests be- 
fore the grain is introduced and all doors and windows should, 
as far as possible, be made insect-proof. If the godown is 
already infected, it should be thoroughly ‘ fmnigated with 
sulphur dioxide by means of a Cla 3 rton apparatus. 

(2) No infected grain should be knowingly admitted into 
a store. 

(3) If infected, the grain should be fumigated before in- 
troduction. This can be done by using the Clayton appara- 
tus or by using an air-tight bin of known dimensions. Place 
carbon bisulphide in a shallow dish and lay the whole on the 
surface of the grain in the bin and close the lid and leave for 
24 to 36 hours. The quantity necessary is about 1 to lbs. 
for every 1,000 cubic feet capacity of the bin. It must be 
remembered that carbon bisulphide is inflammable. 

(4) The gunny bags in which the grain is packed should, 
from time to time, be fumigated to free them from any 
insects that may exist in them. 

il. Vegetable Parasites. 

(1) Puccinia Qmminis is a fungus which attacks many 
varieties of grain causing a condition known as rust. A 
spore becomes attached to the grain and sends small fila- 
ments into the interior. These increase and form a dense 
network and later, small cellules develop which enlarge and 
become coloured. These cause the cuticle to distend and 
finally rupture. The fine powder which then appears on 
the surface gives rise to the name of rust. 
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Vstilago Segetum or Smut is a common parasite of corn. 
It attacks all cereals and is cliaracterised by tbe grains being 
filled and destroyed by black dusty spores wMch, unlike 
Bunt, are quite conspicuous in tbe undisturbed plant. Fur- 
tlier, it is more common in barley and oats. Tbe spores 
of smut are smaller tlian those of Bunt, and their surface is 
smooth. In the case both of smut and Bunt, infection takes 
place when tbe plant is quite young, tbe fungus pushing up 
inside the plant as it grows, until ultimately the immature 
seeds are attacked. Among standing corn which is infected, 
■withered heads can be seen, from which, if rubbed or even 
touched, a fine powder consisting of the spores of the parasite 
falls off. 

The smut fungus in its resting stage is usually sown with 
the seed and both germinate at the same time. The my- 
celium of the fungus spreads throughout the tissues of the 
host but does not produce any malformation until the head 
begins to form. The best method of prevention is to sterilise 
tlie seed before sowing by soaking it in a solution of copper 
sulphate (one pound in 20 gallons of water) for 12 to 16 
hours and then placing in a solution of milk of lime (14 
pounds of quicklime in 20 gallons of water) *f or five minutes. 
Then dry and sow. 

T diet HI Caries or XJredo Ftdida or Bunt chiefly attacks 
W'heat and is characterised by the grains being filled by a 
black muss of s])ores. The external appearance is not alter- 
ed, or, if at all, only to the extent of a slight darkening. 
If tlic affected grain he cut or crushed, a black powder is 
seen whiidi, when rubbed has a greasy feel and emits a foetid 
smell. Ears that are attacked are lighter than sound ones 
and therefore stand more erect than the sound ones, and they 
also remain green longer as the harvest approaches. Fre- 
quently, so long as the ears remain undisturbed, the black 
spore masses remain unseen, 

Pcnicillium Glaucim is a common mould of the air. It 
consists of long threads interlaced to produce a network 
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The threads branch and some produce spores. This mould 
produces a greenish growth on damp flour bread and on cheese 
and damp grain. 

Clamce'ps Purpurea.— Rye is subject to a disease produced 
by this fungus, the growth of which causes the grain to en- 
large and become black on the surface, but in the interior the 
grain is somewhat cream-coloured. Ergot may be detected 
in the flour by the microscope, by which the mycelium and 
spores of the fmigus are laid bare, and also by chemical means. 

Sporisoriwm Maidis causes a disease in maize which has 
been alleged to be the active agent in the causation of the 
disease in man know as Pellagra, but there is reason now 
to seriously doubt the truth of this assertion. 

Aspergillits Ghucus and Mucor are species of other 
moulds to be found in damp grain. 

Eeuits. 

In India there are many fruit-bearing' trees. They yield 
fruits in seasonal crops, or the fruit may be borne peren- 
nially. Pruits are relatively expensive, and therefore are 
consumed only»in comparatively small quantities. They 
are rarely included in the dietary of the poor man, except the 
mango and jack fruit when there is a plentiful crop. They 
are valued rather on account of their pleasant flavour and 
agreeable taste and other properties than for the nourishment 
they contain. 

Ripe tropical fruits are almost all luscious. When they 
are over-ripe, they begin to change, ferment and decay ; in 
this condition they are highly unwholesome and injurious 
to health ; large quantities of such fruit, especially mangoes, 
custard apples and plantains, are destroyed annually bv the 
Health Department of Bombay. 

Fruits are not good sources of energy to the body, their 
calorific value being very low. They are very poor in fat 
and protein, about 1 per cent, of each and contain 5 to 20 
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per cent, carboliydrates. Some of them are rich in Vitamins 
A and C. The value and importance of fresh fruit like fresh 
green vegetables are due to the organic acids, free and combined 
with Ca, Na, and K, and the mineral phosphates, carbonates, 
sulphates and chlorides. Malic Acid is present in apples 
and pears, oxalates iii tomatoes, plums, strawberries, citric 
acid and citrates in lemons, limes, oranges, and tartaric 
acid and racemic acicl in grapes and raisins. The organic 
acids increase the appetite, and digestion, the phosphoric 
acid increases the phosphates in the red blood cells, and the 
potassium salts promote the. formation of white, blood cells. 

Fruit like other foodstuffs is liable to decay. Fungi 
grow on them, producing sugar and peptones, yeast ferments 
the sugars, and so also various other bacteria cause the 
fruit to putrefy. Fruit can be jireserved by cold storage, 
chemicals, evaporation,, drying, sterilisation or conversion 
into preserves or jam. 

Fruits can he preserved for a long time by keeping them 
at a temperature of 34° F. which prevents the development 
of the spores of Fungi or the growth of bacterial organisms. 

Fruits can also be preserved by placing them in a solution 
of borax and boracic acid, salicylic acid or formalin. 

The temi evaporated apples, is applied to apples dried 
artificially instead of being exposed to the sun’s heat. Fruit 
can be dried by sun-drying, baking, or by the hot air, cold- 
air, and vacuum process. 

Much fruit is also preserved by steriHsation and sold 
bottled or canned. 

Fruit can also be preserved by boiling with sugar until 
the com bination has sufficient consistency to set on cooling, to 
form jellies and jams. The sugar has antiseptic properties and 
the boiling ensures the death of pathogenic bacteria. Amongst 
the changes which occur are the destruction of bacteria, yeast, 
moulds, and their spores, the saturation of the fruit with 
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sugar, tlie transformation of the sucrose into invert sugar 
(dextrose and Isevulose) by the free acids of the fruit and the 
conversion of the pectose bodies of the fruit into pectin or 
vegetable jelly which causes the jam to set when cooled. 
A deficiency of pectose bodies has led manufacturers to use 
other substances to gelatinise jam. The addition of such 
substances e.g., apple stock, is considered as an adulteration. 
Jams and jellies are artificially coloured by various substances. 

The juices of ripe fruit when properly expressed and 
prepared are sold as fruit juices and fruit syrup, the latter 
containing sugar amounting to 50 per cent. They form 
good non-intoxicating beverages containing the free and 
combined organic acids and the fruit sugar and possess 
natural flavour. 

Nuts. 

Nuts e.g., walnut, cocoanut, almonds, pistachios are 
largely used in India. They are very nutritive on account 
of the large amount of fat and protein but not so digestible 
on account of the cellulose. Their general composition is as 
follows : — 

Water 4 to 5 per cent. 

Protein 15 to 20 „ 

Fat 50 to 60 

Carbohydrate . . . , 9 to 12 „ 

Cellulose , , . . . , 3 to 5 „ 

Mineral Matter , . . . 1 per cent. 

They are rich in Vitamin B but have very little Vitamin 
A and Vitamin C is absent. 

Boots and Tubers, 

Roots and tubers e.g,, Potatoes, Beet-root, Turnips, 
Parsnips are store houses of carbohydrates and therefore, 
contain energy yielding reserve material. They cannot, 
however, solely maintain health. Fat is practically absent 
and the amount of protein is very small. They cannot be 
replaced by cereals in a diet and their value depends on the 
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presence of mineral salts specially of Potash. They also 
contain Vitamins A, B and C. 

Potatoes for instance contain 13*5 to 29 per cent, carbo- 
hydrates, (starch being 13 to 25 per cent., sugar -56 to 3-3 
per cent.), fat -1 to ‘75 per cent, nitrogenous matter -4 to 
2 ‘8 per cent, and salts 1 per cent. Fresh tubers, vegetables 
and fruit are preferable to dry ones. Cooking deprives 
tubers of a considerable portion of their nutritive properties 
as the Vitamin C is destroyed and the mineral salts pass into 
the water. Potatoes should, therefore, be boiled with their 
skins on. 

Green Vegetables. 

Tlie leaves of green plants consist of a framework 
of fibro-cellulose upon which the protoplasmic cells are 
spread. Tludr value cannot be estimated in terms of pro- 
tein, fat ami carbohydrate. They contain 5 to 15 per cent, 
of solidvS, the remainder being water. The amount of protein 
is 1 per cent., fat *1 to 2 ’5 per cent., carbohydrates 2 to 10 
per cent., and fibro-cellulose -5 to 2-5 per cent. 

They are defective, therefore, as a source of nutriment 
to man. Fresh green leaves, however, are absolutely essen- 
tial for our well-being. This may be due to the Vitamins 
A, B, C present. Moreover they contain important salts 
malates, oxalates, tartrates, citrates, phosphates and sul- 
phates of calcium, sodium, and potassium, besides the free 
organic acids, which are necessary for the blood and secre- 
tions. In the treatment of disease, e.p., Scurvy, constipation, 
gout, etc. fresh vegetables play an important role. The 
cellulose forms an indigestible residue in the intestines and 
stimulates the intestinal action by acting as a ballast. They 
are therefore useful in constipation. It is essential therefore 
that fresh vegetables e.p., cauliflower, cabbage, lettuce, etc. 
should be eaten daily. 

In India, green vegetables are consumed largely. Some 
green vegetables are eaten raw, miboiled. The chief of these 
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aie salads, water cresses, spring onions, celery, lettuce, small 
wHte radishes, red table radishes, tomatoes, cucumbers, etc. 
Green vegetables must, before eating, be carefully selected and 
washed. This is very essential, as most vegetables are raised 
by the nmlee^ or vegetable farmer, on soils which may have 
been contaminated with sewage or on soil recently reclaimed by 
city refuse, or they may have been raised on land by the side 
of drains, or again, may have been watered by drain water, 
or water otherwise contaminated with faecal or other matters. 
Therefore, they may have been contaminated with 
pathogenic bacteria and, if not properly washed, cleaned 
and dressed, are known to have caused cases of Cholera, 
Enteric Eever and Dysentery. Special attention should be 
paid to the roots and the outer foliage, as these may 
be impregnated with the ova of anhylostoma, ascaris lumhri- 
coides, etc. 

Green vegetables are eaten also after being boiled with 
condiments or prepared into dishes with addition of butter 
etc- The vegetables most commonly eaten thus in this coun- 
try are cabbage, cauliflower, spinach, lady’s fingers, brinjals, 
white and red gourd, and a variety of hhajees prepared from 
the young shoots and young stems and leaves of various 
edible plants. 

Condiments, Spices, Etc. 

Indian dishes are generally prepared with condiments 
and spices. The chief object is to season the food and 
make it more appetising and to induce a greater flow of 
digestive juices by exciting a turgescence of the 
blood vessels of the stomach. They have no direct nutri- 
tive functions. The spices are all vegetable products derived 
from various species of tropical plants. They may consist 
of the fruit, hark, stem, roots and flowers and are conserved 
in the dry state. They contain volatile or essential oils and 
aromatic resinous matters. The oils consist of ethers, alde- 
hydes or terpene hydro-carbons, which give the spices their 
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aroma and pungency. Tlic distinction made between spices 
and condiments is purely conventional ; tbe following 
spices are generally used in this country : cloves, cinnamon, 
coriander, saffron, nutmeg, mace, chillies, ginger, pepper, 
mustard, turmeric, dill, cardamom, cummin {zira) and 
fenugreek {mcAi). 

Tb:a, Coffee and Cocoa. 

Tea consists of the young shoots and leaves of Tliea 
Chinensis and various hybrid species of the genus Camellia. 
The leaf has a characteristic appearance. 

Teas vary in quality according to the country and the 
age of the leaves when picked. They are named according 
to their position, the size of the leaf increasing from the tip 
down to the stem, e.g.. Flowery Orange Pekoe (derived 
from the tip-leaf), Orange Pekoe (next leaf to the tip), Pekoe, 
Souehang, Congo and Bohea, the tw'o latter being the largest 
leaf next to tlie stem. The China teas are the most delicately 
flavoured. The best Indian Teas are from Assam and Dar- 
jeeling. Certain scented teas develop their aroma and 
flavour by being mingled with flowers e,g.. Jasmine. 

In the preparation of tea the leaves are first withered 
by being put on wire trays and exposed to the sun, they 
are then rolled, next moistened and alloiR’-ed to ferment in 
the air, and lastly dried or fired to stop fermentation and to 
harden the leaves. There are two varieties of tea — ^Black 
and Green — the green being unfermented. 

Black Tea contains about 6 per cent, of Tannin, 2-3 
per cent, of Thein, besides an aromatic oil, albumin, extrac- 
tives, dextrin, and mineral salts. Green tea contains more 
tannin than the black tea. 

Tea is very much used in India by the rich and poor, 
and largely consumed in the Irani and tea-shops, in Bombay. 
The important constituents of infusion of tea are Thein 
Volatile oil, and Tannin, but dextrin, gum, resin, pectin 
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and albuminoids are also present. The Thein and oil 
are extracted soon, but tannin depends on the time taken 
for extraction. The character of the infusion will depend 
on the nature and amount of leaves, the quality of the 
water, temperature and period of extraction. In the 
preparation of a cup of tea, water which is just boiling 
should be poured upon tea leaves in a pot and allowed to 
stand for five minutes and then the infusion emptied into 
another vessel. Longer infusion will cause extraction of too 
much Tannin, bitter principle and colouring matter, and 
will cause loss of aroma. The water if hard will not extract 
well and if too soft will remove too much of the bitter prin- 
ciple. 

Tea on account of its Thein is a stimulant and restora- 
tive, but if taken in large quantities may cause dyspepsia 
due to tannin, and trembling and insomnia due to 
the volatile oil and thein. If taken with meals the Tannin 
may coagulate the proteins and hinder digestion. The 
presence of milk removes the influence of tannin to a great 
extent by the union of the tannin with the proteins of milk. 

Tea may be adulterated in several ways : — 

(1) Addition of extraneous matter to increase weight 

and bulk%.^., foreign leaves, used tea leaves, and 
also mineral substances such as metallic iron, sand, 
dust. Used leaves may be dried, mixed with gimi, 
rolled and sold as genuine tea. 

(2) Catechu and other substances rich in Tannin may 

be added to give an artificial appearance of strength 
to the tea decoction. 

(3) The use of several colouring mixtures or facings ” 

to impart a bright and shining appearance to an 
inferior tea. For this purpose soap stone, G-ypsum, 
Prussian Blue, Graphite, Indigo, Turmeric, etc., are 
used. 
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The legal standards laid down for tea are : — 

Tea dried to a constant 'weight at 100°C. should 3 dekl 
4 to 8 per cent, of total ash, the soluble ash being 
40 per cent, of the total ash. On boiling in the pro- 
portion of 1 part of Tea to 100 j^arts by weight of 
distilled water for one hour Tea should yield 30 per 
cent, or more of extract. 

There are special t('a-tasters who by making an infusion 
in a standard manner, can tell from the flavour, 
aroma, Ijody and strength, the quality of a tea. 

Coffee is the roasted seeds of Caffea Arabica and allied 
species. There are several varieties of which Mocha Cofiee 
is the best. 

French consists of a mixture of coflee with chi- 

cory (30 to 70 per cent.), caramel, and sometimes other 
vegetables. (\.)flec (mntains an alkaloid, caflein (about 
1 per cent.), iin astringent, cofteo-taimic-acid (20 per cent.) 
an aromatic nil, fat, legumin, dextrin, sugar and mineral 
salts. 

When C,Vtfff‘n-berrios are roasted, they swell with the 
formation of gases, a large amount of moisture, fat and 
caflein are lost, sugar is transformed to caramel and an 
aroma, and ilavoiir are develo])cd. 

In making a cup of coflee just boiling water sliould be 
added in the proportion of 2 ounces of the roasted "coflee 
to 1 pint of water. 

Tlie most common adulterants of coflec are chicory, 
caramel and numerou.s roasted grains such as corn, wheat, 
rye, and roots and seeds such as dandelion, turnips, beans, 
peas, etc. 

The addition of chicory is most frequent. The active 
principles of coflee (caflein and aromatic oil,- etc,), are absent 
in chicory. Though demanded by many coffee drinkers 
the addition of chicory is considered as adulteration unless 
28 
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its presence is prominently stated on a label. Tlie addition 
of cbicory causes a darker coloured infusion, and serves to 
sweeten it and impart a slightly bitter flavour. Roasted 
coflee floats for a considerable time in water whereas roasted 
chicory rapidly sinks. 

Coflee extracts are concentrated infusions made by 
digesting coffee and chicory with water, evaporating in vacuo 
and adding caramel. They are convenient for a rapid 
preparation of the beverage. They are deficient in caflein 
and extractives and lack the aroma of fresh coffee. They 
contain little coffee and much chicory and caramel. 

Coffee is stimulant to the nervous system and removes 
the strain of fatigue. It increases the frequency of the 
heart and the action of the skin. 

Cocoa is prepared from the roasted seeds of the Theo- 
broma Cacao and is a good food and a beverage, the nutritive 
value being much more than coffee or tea, on account of the 
larger amount of fat, protein and sugar. The cocoa nibs 
contain about 50 per cent, of fat, but in prepared cocoas the 
amount is reduced by hydraulic pressure or the addition of 
starch and sugar to make it more palatable. 

Prepared cocoa contains about 25 per cent, fat, 15 per 
cent, protein, 1 to 1.7 per cent. Theobromine (akin to Thein 
and Caflein) 45 per cent, sugar, starch, tannin and 5 jmr cent, 
ash rich in potash. Chocolates consist of cocoa from wdiicii 
much of the fat is removed and sugar and flavoury substances 
added. It may be adulterated with foreign starches, fats 
and cocoa shell. 


Peemented Liquors. 

All fermented drinks contain alcohol produced by the 
action of the yeast plant (Saccharomyces Cerevisae) on a 
solution of grape sugar. 

CeHiaOe = 2C2H6O + 2 CO, 

Sugar Ethyl alcohol carbonic acud. 
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Proof spirit is a mixture of 57.10 per cent, by volume 
or 40.28 per cent, by weight of pure absolute alcohol in water 
with a specific gravity of 0- 91976 at 60°F. Solutions weaker 
and stronger than this are known as “ under ” proof and 
‘‘ over ” ])roof respectively. 

A]coholi<! drinks may be grouped under (a) spirits e,q., 
whisky., brandy, rum, gin, liqueurs; (6) wines e.g., claret, 
sherry, port, champagne; (c)malt liquors e.g., beer and stout. 

tSpiriffi are obtained by the distillation of various fer- 
merited saccharine substances. 

W'hislv-y is jirepared from malted barley (malt whisky) 
in pot-stills and from cereals (barley, rye, or maize, etc. to 
which a little, malt is iidded) in patent stills (grain whisky). 
It contains 48 to 56 per cent, alcohol. 

Bramly is a spirit distilled from the fermented juice of 
grapes and contains about 45 to 55 per cent, of alcohol. 

Kuni is prepared by the distillation of sugar-cane products 
and lias 5(l to 60 per cent, alcohol. 

Liquors are spirituous liquids sweetened wnth sugar and 
tiavoured witli essences, ethers, etc., and contain 34 per 
cent, alcohol. 

In India, country spirit or arrak is prepared from the 
fennentatiun of rice, sap of cocoanut tree, and Mohwra 
flowers, and contains 40 per cent, alcohol. 

Bi)irits prepared in pot-stills retain the flavour of the 
substance from winch they are prepared, and also get the 
flavour of the creosotic bodies derived from the smoke. 

They conttiin a large, amount of the secondary products 
of distilhition viz. the higher alcohols (amyl, butyl, pi'opyl 
knowui as fusel oil, furfural, etc., all of which have a dele- 
terious effect on the body. Whisky and other spirits, there- 
fore, ■when new'ly prepared are harsh and unpalatable and 
have to be mellowed by maturing in wooden casks for .seven 
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or eight years whereby the furfural is oxidised to harmless 
substances and the higher alcohols are transformed into 
aldehydes, ether and acids which impart a pleasant flavour 
and aroma to the spirit and act as a corrective to the action 
of alcohol. 

Grain spirit, also known as neutral or silent spirit is 
produced in the patent-still which does not allow any se- 
condary products e:g., fusel oil, furfural, etc. and hence does 
not require maturing. It has no flavour and is added to 
pot-still spirit to soften its harshness. 

Imitations of brandy, whisky, gin, etc. are made by 
adding caramel or other colouring matter, essences, ethers 
etc. to silent or grain spirit to imitate the flavour. 

Wines — The composition of wines differs, the amount of 
alcohol in natural wines varying from 8 to 18 per cent, and 
in fortified wines up to 25 per cent. They also contain 
sugars, higher alcohols, aldehydes, ethers, free organic acids, 
and their acid salts, albumins and colouring matter and 
mineral salts. 

Besides producing the effects of alcohol, wines act as 
food as they contain sugar, mineral salts, vegetable acids 
and salts, and compound aromatic ethers which increase 
the digestive juices, and bitters wliich improve tlio aj^petite. 

The common adulterants of wine are sugar, saccliarosfq 
log- wood and other colouring matters, various ethers, 
alum, and sulphate of lime. Sulphurous achl may find its 
way from the inside of casks, or may bo added together with 
sulphites to check fermentation. Alcoholic wines according 
to the rules framed under the Bombay Prevention of Adul- 
teration ilct 1925 must not contain more than 450 parts of 
SOo per million. 

Malt Liquors This group includes beer or ale, and 
stout or porter. They are prepared by the fermentation of 
an infusion of malt and hops. Other grain e.g., wheat, rye. 
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oats, etc., 01 substances which contain or are capable of being 
transformed into sugar (c./;., potatoes, beet-root, etc.) can be 
used. 

Beer has been produced from invert sugar obtained by 
the action of sulphuric acid on rice and other srarohes. As 
sulphuric; acid may contain arsenic;, the latter may be found 
in such beers sometimes to the extent of 1 gram per gallon 
vduch is harmful. 

The ])ercontug(‘ of alcohol varies from 3 to 7 per cent. 
Theue are also eontamed in beer, free organic acids (fixed 
and volatile), dextrin, sugar, higher alcohols, malt extract, 
nitrogenous matter and mineral salts. Stout and porter 
lUivci the same characteristics as beer with the additional 
■flavour of caramelised materials. 

Tuddij is the fermented juice from the spadix of the 
date, })alm or cocoamit trees. It resembles beer and con- 
tains about b per cent, alcobol. It is largely used by the 
p.oorer classes as a cheap intoxicating drink. 

The jdiysiological action of alcohol on the system is 
described below, but it must be remembered that the effects 
of pot-still whisky, brandy, etc., are slightly different from 
those of pure alcohol, as in addition they invigorate the 
nerves, enliven the mind, and produce other effects due to 
the; prc'scmee of the matured secondary products, e.g.^ ethers, 
aldehydcj.s ami acids. 

Alcohol is a food in the sense that like fats and carbo- 
hydrates it is oxidised in the body and furnishes heat and 
energy to the extent of 7 calories per gram. If taken in 
strictly moderate doses it does no harm but on the other 
hand aids digestion and assimilation and stimulates an 
exhausted heart. But it is not a necessary article of diet 
for those in ].)erfect health, although in small doses it is 
beneficial, specially in old age, overwork and fatigue. It 
is not a tissue builder and cannot be put on a level with 
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otliei foods, as when taken continually in large doses, its 
secondary effects on the muscular and nervous system, 
its destructive action on the tissues and the habit and 
craving it creates, outweigh its advantages of replacing 
a. certain amount of fat and carbohydrates, and improving 
digestion. 

Alcohol requires no digestion as it is absorbed from 
the stomach and finds its way into .circulation in fifteen 
minutes. In small doses it stimulates the appetite, increases 
the digestive juices (directly by irritating the nerves of the 
mucus membranes and indirectly after it is absorbed into 
the blood), promotes the activity of the stomach peristalsis 
and is, therefore, favourable to digestion. It also reflexly 
Btiinulates heart, dilates the blood vessels of the body and 
increases the functional activity of the organs. In large- 
doses it interferes with the digestion, irritating the stomach 
causing excessive secretion of mucus, nausea and vomiting. 
There is depression of the vascular system and fall in blood 
pressure. Owing to the dilatation of the blood vessels of the 
skin, there is excessive loss of heat through radiation and 
conduction leading to a fall of the body temperature. 
Alcohol does not give warmth therefore when it is very cold, 

• .but it lets out the body heat and makes one feel colder. It 
should be avoided, therefore, before going out in cold or 
rain, but is useful after coining indoors. 

On the nervous system it produces stimulation for a 
short period due to the increase of the blood flow, followed 
by a depression proceeding from the highest centres of tlie 
brain in a descending scale to the lowest. Hence the earliest 
signs are loss of control of intellectual, emotional, and mus- 
cular powers. There is at first a feeling of well-being, increas- 
ed physical power and mental ability, the imagination becom- 
ing brighter, the intellect clearer, the senses sharper, and sexual 
appetite is increased. This is followed by depression, the 
judgment failing first and then the imagination and the 
liv ill power. The person laughs, talks, sings or cries without 
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restraint, or there are outbursts of anger and unreasonable' 
ness. If more alcohol is tahen the movements become 
uncertain, speech incoherent, and thick, the walk staggering 
and a torpid slumber follows. Excessive doses may cause 
jtaralysis of the cardiac and respiratory centres, and urine 
and fjeces will be passed involuntarily and the person dies. 
The effects of chronic alcoholism are : — 

(1) Peripheral Nouriti.s, Delirium Tremens and other 

forms of alcoholic msanity. 

(2) Ihyt'uerativs*. change.s in tlic liver (Cirrhosis), 

kidneys (chronic nephritis), .stomach, lungs and 
blood V(\ssels. Due to vaso-motor paralysis the 
appears bloated and blue. 

(3) It lower.s the resistance to certain diseases for exampk 

Tubt-rcnlosis. 

(4) Alcoholic.s .suffering from pneumonia or undergoing 

o])eration,s accompanied by shock have less chance 
of rt, ‘CO very, 

(5) J-.unacy and general paralysis. 

(OJ Tlie mortality among the intemperate is four or five 
time.s more than amorig.st the temperate of the 
same age and class, 

(7) As alcohol i.s a protoplasmic poison it interferes with 
tin* metabolism of fats and causes obesity, it gives 
rise to alteration in the protein metabolism • and 
causc.s (lout and by delaying the decomposition of 
carbohydrates it may cause Diabetes. 

It mu.st b(* remembered that alcohol increases the sexual 
desire and ])aves the way to venereal diseases. 

The childrtai of alcoholics are more liable to idiocy, 
epilepsy, paralysis and early death. 

Alcoholics are also more liable to street accidents, and 
many a driver (engine, motor, or electric) have been re- 
sponsible for collisions and wrecks whilst driving in a state 
of intoxication. 
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Alcoliol lias also "been the cause of much crime, poverty, 
misery j and social and economic downfall of families. In 
an inquiry into the expenditure on drink amongst the labour- 
ing classes of Bombay it was estimated that amongst some 
families the average expenditure on alcohol amounted to 
at least 8 to 10 per cent, of the income. The development 
of Bombay’s industries seems to have been associated with 
a rise in alcoholism, and in the report on the inquiry it is 
stated that “ as the evils of intemperance are fostered by a 
variety of causes such as lack of intellectual and other inter- 
ests and want of opportunities for open air pursuits and 
healthy recreations, a remedy for reducing the consumption 
of drink lies in a liberal provision of clubs and other sources 
of recreation,” 

As alcohol in small doses has a beneficial action and 
in large doses is harmful it would be necessary to know bow 
much of it could be completely oxidised in the body without 
exerting any injurious influences on the tissues. Experi- 
ments have proved that ozs. of absolute alcohol can be 
oxidised without any narcotic eflects being produced and 
this amount is equivalent to about 2 ozs. spirits, 5 ozs. wine 
and 1 pint beer. 

Idiosyncrasy plays an important part in the amount of 
alcohol that can be taken ; some people stand it better than 
others. 

Spirits should be taken well-diluted, and a certain 
amount of alcohol will be less harmful if it is spread evenly 
over the dav than when taken at one time. 

Natueal and Aeeated Watees. 

About 80 ozs. of water are excreted daily from the 
human body, and this is made good by drinking about 2 to 
3 pints of water, and by the water contained in food e.g., tea. 
coffee, milk and other foods. Water improves the diges- 
tion, stimulates the contraction of the stomach and dilutes 
undue acidity. Internally it is a diluent of the blood, it 
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promotes metabolism, dissolves and flushes out the waste 
material and thus prevents or cures gout, rheumatism, 
kidney and liver diseases. 

Besides pure water, natural and artificial mineral waters 
are taken. 

Natural mineral waters issue from the soil and contain 
a superabundance of inorganic salts, and are all more or less 
naturally aerated. The nature and amount of the various 
salts differ in diflerent waters, some being sparkling and 
eflervescent. They improve digestion and stimulate the 
movements of the stomach. They may be classified thus : — 

Alkaline gaseous e.g., Apollinaris, Belthal, etc. 

Alkaline (containing very little COo) e.g., Bath, Spa, 
Vichy. 

Saline gaseous (containing some Na 01) e.g., Johannis 
Seltzer. 

Saline e.g., Malvern, KronthaL 

Artificial aerated waters are made by charging water 
with- COo at a high pressure (120 to 140 pounds per square 
inch) and the ordinary bottle may contain 3 to 4 volumes 
of CO 2 to 1 volume of water. 

The following varieties call for mention : — 

(1) Ordinary carbonated water, (erroneously called Soda 

water), which is purified water impregnated with 
CO2. 

(2) Aerated water with chemical salts dissolved e.g., 

Lithia water containing 3 to 5 grains lithia car- 
bonate, Soda water (3 to 5 grains soda bicarb). 
Potash, Magne.sia water, etc. 

(3) Aerated distilled water free salts e.g., “ Salutaris, ” 

etc. 

(4) Waters prepared in imitation of natural mineral 

waters e.g.. Seltzer water. 
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( 6 ) Sweet drinks— Waters sweetened with cane-sugar, 
some acid (tartaric^ acetic, citric, or pkosplioric), 
flavoured witli essences and charged with CO2 e g., 
lemonade, gingerade, etc. 

Mineral waters give a sharp, pleasant taste, relieve 
thirst and aid digestion by increasing the gastric juice and 
stimulating the movements of the stomach. The natural 
salts may have a diuretic or aperient action, They should 
be avoided in cyanosis, dilation of the stomach, and when 
appetite is much depraved. The one danger is that they 
may contain some lead derived from lead pipes through 
which the water has passed or from silicates of lead which 
enters into the composition of the glass bottles in which 
■they are contained. They must be prepared from pure 
water, for if polluted the mineral water will not be sterilised 
by the CO^ and may cause diseases. The natural mineral 
waters are superior to the artificial as they contain certain 
natural salts not present in the artificial waters. 

As CO2 is absorbed in the circulation, aerated waters 
are unsuitable for persons whose respiration is impeded by 
cardiac and pulmonary diseases.' 

The sweet drinks are refreshing and have a nutritive 
value on account of sugar, but are liable to produce acidity 
due to the fermentation in the stomach. 

Inspection of Food Supplies. 

One of the important duties of a Municipality is to 
provide for the efficient inspection of the public food supply. 
This can only be done by means of trained Inspectors, who 
are well acquainted with the appearance of animals and flesli, 
both normal and diseased, and who are well-versed in the 
sophistries practised by the dealer. 

The Inspector may be called upon to examine a living 
animal. An animal intended for human consumption should 
be well nourished, free in its movements, its coat in good 
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condition and free from sores and scabs. The ejms should 
be bright, the mouth and nostrils moist but yet free from 
discharge. The breathing should be quiet and regular and 
the breath without odour. The pulse should be regular, 
and tliere should be no shivering or indication of pain. When 
tlie animal is sick, the coat is rough, the nostrils are dry or 
covered with foam or discharging profusely, the eyes dull 
the tongue protruding, respirations laboured, and the aiiimal’s 
movements are sluggish. The weights of animals vary 
consideralily, and in general the Indian animal is lighter than 
the corresponding English animal. 

Indian. Enijlkli. 




lbs. 

lbs. 

lbs. lbs. 

Ox 


350 to 

400 

600 to 1,200 

Coiv 


200 „ 

300 

700 „ 740 

Bullock .. 


150 ,, 

225 

300 ,, 450 

Buffalo . . 


500 „ 

700 


Sheep 


20 „ 

35 

60 „ 90 

The age 

of an animal 

is usually reckoned by the teeth 

as shown in 

the following 

table, hut there 

is considerable 


variation in tlie time of appearance of the j)ermaiieirt teeth : — 
A(4E in years. 

Teeth, Boviiies. Sheep. 


2 

.. U to 

2 

. . 1 

4 

24 

3 .. 

2 

r> 

. . 34 ’! 

4 .. 

.. 3 

6 

• - 14 ,, 

5 .. 

. . 4 


Ill young animals, the cartilages covering tlie articular 
surfaces are lilue or rosy; as age advances, however, they 
become whiter. Up to three years of age, one can cut through 
the ischio-pubic S 3 ’-mpbysis, and up to four j^ears through 
the costal cartilage of the ninth rib. At the age of six this 
is almost impossible. In young animals the bones are small, 
soft and porous and have a pinkish colour ; in older animals 
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they become larger, harder and less porous, and of a whiter 
colour. The beef is light-red in young animals, firm and 
elastic in consistency, and marbled with fat. 

In order to distinguish the sex of an animal the following 
points may be noted. Owing to greater muscular develop- 
ment, the flesh of the bull has less fat than that of the cow. 
There is great development of the neck, shoulder and hind 
quarters. The flesh is coarser in fibre and there is an absence 
of that marbling seen in cow^s flesh. . The flesh is dark-red in 
colour, the muscles tough and cross-grained and the carcass 
is generally poor in fat. Situated at the root of the penis, 
which in dressed meat is usually found on the left hand side 
of the hind quarter, is a muscle, the erector penis ; this muscle 
^ is much more developed in the bull than in the bullock, as 
is also the case with the penis itself. In the bullock the quar- 
ters are less developed, the penis and retractor penis are 
less prominent, and the erector penis is almost atrophied. 
The scrotal fat is prominent. The anterior part of the ischio- 
pubic symphysis is very well developed. If the penis has 
been removed, a furrow corresponding to its position will 
be found. The joints of a bull are larger than those of a 
cow, and the neck is very thick compared with that of a cow, 
ox or heifer. In the cow the quarters are less rounded, 
the angles of the haunch are prominent, the anterior part 
of the ischio-pubic symphysis is ill-developed. The udder 
is present, or if not, then marks of it are left. The fat at 
the base of the udder is fairly well developed and the super- 
mammary lymph glands are large. In the heifer the 
mammary gland is poorly developed and is surrounded by 
fatty tissue. 

How to distinguish flesh of one animal from that of another. 
— A meat Inspector must be prepared to detect the substi- 
tution of the flesh of one animal for that of another. 
Horse flesh is frequently substituted for beef, and a 
knowledge of the following points may assist in the detec- 
tion of the fraud. Horse flesh is much darker and coarser 
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in fibre, and it is without the small layers of fat seen in the 
muscles (marbling). It has a disagreeable odour, the fat 
is oily, yellow and soft due to the large quantity of olein 
in it. The horse’s liver has three lobes and no gall bladder ; 
that of the cow consists of one large lobe plus a small super- 
numerary one. The kidney of the cow is lobulated on the 
surface, whereas the horse’s is smooth and not lobulated. 
The two kidne^’-s of the horse differ in shape, however, that 
on the right being somewhat heart-shaped, whereas the left 
one is ordinarily reniform in appearance. . The heart of the 
horse has two grooves on the surface, the fat is yellow and 
oily, and is but little seen on the surface. The heart of the 
cow has three grooves, and at its base has a bone not seen 
in, the heart of the horse. The horse’s tongue is much 
smoother than that of the cow. It is spatula-shaped, and 
the circum vallate papillae at the base are situated centrally 
whereas in the ox the tongue is comparatively pointed with 
many papillie at the tip, causing a sensation of roughness when 
the hand is passed over it, and the circumvallate papillae are 
situated at the edges, and not centrally. The horse has a 
longer neck, the bones of the cervical region being elongated, 
so also the bones of the limbs. The epiglottis of the horse 
is smaller and more })ointed. The horse’s sternum is carina- 
form in shape. The horse has 18 pairs of ribs, the ox only 
3 3 pairs. Moreover, the ribs of the former are much narrower. 
In general, tlie bones of the horse are much heavier. 

Sul)stitution of the flesh of the goat for that of the sheep 
sometimes occurs. Both animals have 13 pairs of ribs. 
The flesh of the sheep is paler and fi.ner, the fat is firm, 
whitti and evenly di.stributed over the back and sides, and 
the flesh is rarely marbled. The flesh of the goat is dark 
and j^os.sesses a peculiar . smell, especially if old. In the 
sheep the external covering of fat is well developed, in the 
goat it is practically absent. The neck, body and quarter 
of the goat are longer. The sheep’s liver, like that of the 
ox, consists of one large lobe plus a small supernumerary 
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one situated on its superior and posterior surface. Tlie 
normal liver of tlie goat weigts 8 to 10 ounces. It is divided 
into two lolies, tlie larger of wliicli is again divided interiorly 
by a cleft. The breadth varies from 6 inches to 7 inches 
and the length from base to apex is 7 inches to 8 inches. 
The small lobe measures about 2 inches in length by 
inches in breadth. 

The flesJi of the fig is paler than that of either the ox 
or the goat, and is less firm to the touch. The subcutaneous 
fat is very white and soft. The pig has 14 pairs of ribs. Its 
liver has five lobes and the kidney is smooth, elongated 
and flattened so as to somewhat resemble a broad ribbon. 

The flesh of the calf is pale-red in colour and not of a firm 
consistence, and the fat resembles tallow. Slink veal has a 
gelatinous watery appearance. 

Buffalo meat — The flesh is pale-red in colour, the muscle 
fibres are coarser and looser than in the ox, and the muscular 
parts are larger. The fat is pure white. The flesh, when 
cooked, assumes a darker colour and increases in bulk. 

The dog’s liver is two-lobed and its kidneys are smooth 
and oblong. 

In examining any carcass, the Inspector must pay atten- 
tion to the followmg points : — 

(1) The colour and transparency of the meat, the smell, 

consistency and chemical reaction, and the pre- 
sence or absence of any moisture ; 

(2) the amount, character and distribution of the fats, 

the appearance of the lymphatic glands, serous 
membranes, articulations and bones ; and 

(3) the presence or absence of any signs of lesions 

or parasites. 

Good meat should have the following characieristics — The 
carcass should be well set as soon as it is cold ; the flesh 
firm but not tough. It should be well bled and no part of 
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it purple or speckled. Wken pressed with the finger, the 
flesh should not jiit, as pitting would indicate the presence 
of watery fluid, nor should it crackle, thereby indicating 
the presence of air. No pus should exist in the intra-nius- 
cular tissue. The flesh should be fairly dry after exposure 
to the air. The meat should have a pleasant odour ^ and 
be bright-red in colour (except in the case of pork, veal and 
lamb) and should have an acid reaction. The fat should 
be free from watery juice and blood stains. An excellent 
teat of meat is to insert a clean, long, thin-bladed knife deep 
into the flesh : in good meat the resistance is equal, and in 
putrefying meat variable ; on withdrawal, the knife should 
have no unpleasant smell. There should be no smell of 
physic about the flesh. In temperate climates, the marrow 
of the hind legs is solid ; about 24 hours after slaughter, 
it is of a light-red colour ; if it is brownish or soft, or has 
black points in it, then the animal has probably been sick 
or putrefaction is commencing. The quantity of fat varies 
very much ; in an ox it constitutes about one-third, and in 
a fat pig about half the total. The fat usually solidifies after 
death. In horses the fat is yellow and oily, and has an un- 
pleasant taste. Ill oxen it varies from yellow to pale, straw 
colour. In beef the fat consists mainly of palmitates, in 
mutton of stearates, and in pork of oleates. 

Public Abbatoirs . — ^For the prompt detection and condemnation of 
diseased meat public abbatoirs are necessary. By thus concentrating 
the slaughter of animals in a large, central and sanitary slaughter house, 
strict and systematic inspection is feasible. Not only is it important that 
the health and condition of the animal should be good at the time 
of slaughter, but the method of killing, butchering, preserving, handling, 
and transporting the meat, require careful super^dsion by trained Inspectors. 
Private abbatoirs are not easy to control on account of their number, 
distance, and irregular hours of slaughtering. The slaughter house should 
preferably be outside the town near a Railway Station so as to avoid the 
dri\ing of the animals through congested streets. The following points 
are important in the construction and management of an Ahbatoir 

The premises should be well constructed and drained, and not within 
100 ft. of any dwelling house. The site should admit of free ventilation 
by direct communication with the external air on two sides at least of the 
slaughter house. 
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The internal surface of the walls and the floor should be construoted 
of hard, smooth impeindous material and kept in good order and washed 
frequently to prevent the absorption of any blood, liquid refuse, etc., which 
may be splashed. 

There should be no direct communication between the slaughter house 
and any stable, water-closet, privy or cesspool. 

No room or loft should be constructed over the slaughter house. 

'Sie slaughter house must be protected from rats, mice, flies and other 
vermin. 

The lairs for cattle should not be wdthin 100 ft. of any dwelling house. 
They should be properly paved, drained and ventilated and no habitable 
room should be constructed over them. 

A sufficient quantity of pure water must be available for the cleansing 
of the premises and for the use of every animal brought for slaughter. 

Dogs should be prohibited and no animal should be admitted unless 
it is intended for slaughter. 

No animal should be kept longer than is necessary for preparing it 
for slaughter. 

All skins, fat and offal should be removed within 24 hours of the slaugh- 
tering of the animal and the feeding of animals on refuse should not be 
allowed. .Receptacles of non-absorbent material for the collection of offals, 
etc., should be provided and kept clean. AH diseased carcasses and meat 
products should be efficiently destroyed and rendered unfit for consumption. 

The butchers should be cleanly dressed, and should wash their hands 
before starting their work and after the slaughter of each animal specially 
after handling diseased carcasses. Those who arc carriers of diseases 
should not he allowed. The various implements should be sterilised in 
boiling water and cleaned before they are re-used. 

A cold storage ro(jm for meat is necessary, as cooling favours good 
appearance of meat. 

The carts in which the meat is transported to the market should be 
clean and provided with hooks on the roof for suspending tlie meat. 

Tor a fuller description of slaughter houses — vide page 076. 

The Inspector should have a good knowledge of the 
various glands to be examined and their situation. Normally, 
all the glands are bluish-grey in colour, of firm consistency 
and moist on the surface. 

The following are some of the more important glands ; — 

The siipra-sterndl : are found on each side of the upper surface of the 
sternum. 

The pre-pectoral ; are situated at the entrance to the chest beneath the 
great vessels. One of them is always left just beneath the small muscle, 
whiclr will be found in front of and attached to the edge of the first rib. 
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The pre-scwpidar : are found beneath some muscle and in front of and 
close to the shoulder joint. 

The cenriml : lie on each side of the trachea or wind-pipe. 

The brachial : are found under the shoulder blade. 

The mediastinal : lie between the two lungs. 

The broncMal : lie on each side >. of the trachea just at its point of 
bifurcation. 

The superficial imjuinal (known as the supra-mammary in the cow) : in 
male animals are usu.ally found buried in the e(:)d fat ; in female animals 
they arc readily seen when the luhhir has been removed. It may be here 
noted that these glands are much larger in the cow than in the ox. 

'The deep iui/iunal or pre- pubic : m lower down on the brim of the pelvis, 
4- or 5 inches removed from the spinal column. It is always embedded 
in fat. Close to this and under the spinal column is a large collection of 
glands, the external and internal iliacs and some of the sacral. 

The renal : are situated behind the kidney. 

The suh-dorsal : are found in the fat just beneath and attached to 
the spinal column. 

'The hepatic ; arc found between the portal vein and the pancreas ; in 
very fat animals they may be completely buried in adipose tissue. 

The popliteal : is found deeply buried in the muscles at the back of the 
strifle or knee-joint. 

The pre-crural : is found on the outside of the hind quarter buried in fat 
and beneath the muscle in front of and above the strifle. 

It is of the utmost importance that the meat Inspector 
should examine tlie glands, especially if ^ the organs 3iave“ 
been dispo.sed off. Occasionally, however, the more easily 
accessible glands have also been removed, leaving only the 
deeper seated ones, as their removal would necessitate some 
degree of mutilation of the carcass, thereby lessening its 
market value. Three sets of glands, however, are practi- 
cally always overlooked by the butcher, and they afford 
valuable information to the Inspector. They are (1) the 
sub-maxillary, which is found on the inner side of the jaw- 
bone just about its middle. A small tag of muscle which is 
almost invariably left in this situation, affords a guide in 
locating this gla,nd ; (2) the pre-auricular which, as its name 
indicates is situated in front of the auricle ; and (3) the post- 
pharyngeal in the posterior wall of the pharynx. The prin- 
cipal disease for which the Inspector should be on the look- 
out ill glands is Tuberculosis, of which the most usual 
29 
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indication is tlie presence of soft yellow nodules or areas in 
tlie glands. 

In cows, usually, the first organ to be removed is the mam- 
mary gland. Both sides of this organ should be of the same 
size, shape and colour and of the same consistency. The 
spleen is a solid organ ; it should be smooth on the surface 
and on fiirst being removed, bluish-grey in colour. It varies 
from 14 to 18 inches in length by 4 inches in width and 
^ inch in thickness. 

The stomach has four compartments ; the first and 
largest is known as the rumen, the second as the reticulum 
or honeycomb from its appearance, the third as the manypliis 
or emasum and the fourth as the obomasum. The external 
covering of the stomach should be smooth, glistening and 
bluish-grey in colour. The contents should be examined 
for any signs of drugs. 

The covering of the intestines should be smooth and of 
uniform grey colour. They lie coiled in a mass of fat — the 
mesentery. The liver is of a reddish-brown colour and of 
mode3;ately firm consistence and the borders somewhat 
sharp. In the thicker portions of the liver, the borders are 
more rounded. The organ should contain no lighter coloured 
or yellow area. The diaphragm forms a strong musculo- 
fibrous partition separating the thorax from the abdomen. 
In its centre it is fibrous and in the periphery muscular. 
Both surfaces should be quite smooth and glistening and in 
no part adherent to any organ. The kidneys are solid or- 
gans with a lobulated surface and of a uniform brown colour. 
They are generally concealed from sight in fat. The sur- 
face should be quite smooth and glistening. The lungs are 
soft, elastic and of uniform consistency. They should be 
of a uniform pink colour, and perfectly smooth on the sur- 
face; there should be no yellowish, whitish areas in the 
interior. The tongue has already been described. It should 
be examined for marks of erosions, and the large glands 
situated at its base examined for signs of Tuberculosis. 
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Some sources of alteration in the quality of 

THE FLESH. 

Initial or essential defects including (a) Age : Very old 
or very young animals are not so nutritious as the average 
adult. An old animal is occasionally very deficient in 
nutritive value ; the fat almost disappears and the muscular 
tissue is in part replaced by fibrous tissue. The fiesh of 
young animals is deficient in salts and fat. (6) Overwork and 
exhaustion : — The meat loses value as a food and is often 
unpleasant to the taste ; no animal should be slaughtered 
when in a tired or frightened condition. The flesh is liable 
to rapid decomposition, (c) Unsuitable feeding : Certain 
medicines given to an animal may produce symptoms in the 
consumer, e.g., antimony, arsenic, lead, strychnine and 
phosphorus. Occasionally the smell of the medicine can 
be detected, and this should lead the Inspector to institute 
inquiries as to the nature of the illness which necessitated 
the administration of medicine. Ether, turpentine, creosote, 
carbolic acid and Hydrocyanic acid are examples of drugs 
which may impart an odour to the flesh. If an animal has 
been poisoned by unsuitable food, e.g., yew leaves, bryony, 
meadow saflron, or by mineral poisons purposely given, 
there will usually be some indication to be found in the 
stomach, more marked in the case of mineral poisons, and 
certain changes may be found in the liver, e.g,, fatty de- 
generation in the case of arsenic and phosphorus. Animals 
fed on red cabbage and beet leaves may produce a poisonous 
milk, which in certain individuals may cause acute Enteritis, 
(d) Starvation acts much like old age ; the meat wastes 
considerably in cooking owing to the deficiency of fat. (e) 
The flesh bf animals killed by lightning and apoplexy rapidly 
decomposes. The organs and flesh are dark in colour, the 
meat is full of blood, and badly set, as is the case also in 
animals which have been smothered or drowned- If the 
flesh is full of blood, the carcass should be condemned. In 
regard to animals injured by accidents, much depends on 
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tlie nature and extent of the injuries. If the accident is 
such as to result in purely localised bruising, this portion 
of the meat only need be condemned and the rest passed, 
provided that the bruising is not too extensive and the 
animal is slaughtered at once. If, however, the accident 
results in much bruising and injury to the animal and it is 
not slaughtered early, the flesh is apt to be dark and ill-bled 
and should be condemned. The flesh of animals dead from 
accident is usually dark and the serous membranes stained, 
owing to the animal not having been bled or only imper- 
fectly so. The flesh of animals slaughtered just before, 
during or after parturition need not necessarily be con- 
demned, unless there is evidence of extravasations of blood 
or of pyaemia and of inflammation of the pelvic organs 
and membranes. (/) The diseases, both infectious and non- 
infectious, which either on the whole or in part render meat 
unfit for human consumption, or which depreciate its quality 
and therefore its market-value, ordinarily met with include 
Tuberculosis, Pseudo-Tuberculosis, Actinomycosis, Dysco- 
mycosis, Anthrax, Rinderpest, Pleuro-Pneumonia, Swine 
Fever, Sheep-pox, Erysipelas, and worms of various kinds, 
etc., etc. 

Tubeeculosis. 

Tuberculosis is a very wide-spread disease in man and 
animals. It is very common in cattle and poultry and occurs 
also in dogs, cats and the larger carnivora. In sheep and 
goats it is comparatively rare, especially in the former. Com- 
parative statistics show that the disease occurs in cattle 
16-25 per cent., swine 2-3 per cent, and sheep -2 to -3. The 
horse is also liable. Birds are specially susceptible, the 
disease causing great mortality in hens, geese, turkeys and 
pheasants. Most wild animals are susceptible. The disease 
also occurs in monkeys in confinement and the nodules 
have a special tendency to break down into a pus-like fluid. 

The disease may be either local or general. Small oval 
or spherical nodules form, and these may soften and become 
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caseous or contain pus, while others become fibrous or even 
calcareous. 

Tuberculosis is due to a bacillus discovered by Koch. 
It belongs to the acid-fast group, which also includes the 
smegma bacillus. The bacilli are straight or curved, non- 
motile rods from 2 to 4 in.m. in length. They are very diffi- 
cult to cultivate in the absence of glycerine. They occur 
scattered in the tissues, or in little round masses. They are 
usually single, but may sometimes be found lying end to 
end forming an obtuse angle: true chains are not found. 
Their resistance is considerable and they can retain their 
vitality outside the body for a considerable time. Salting 
and smoking do not kill them. They resist the gastric 
juice for Q hours, and a temperature of 60 C. for 15 minutes 
and drying and putrefaction for a very long time, even 
months 

In cattle, generally the lungs are affected, nodules appear 
in them and these may be firm, caseous or calcified. In 
addition, one ina}’’ find caseous Pneumonia and small Tuber- 
cular granulations. Along with these changes in the lungs, 
there mav be nodules on tlie pleura and peritoneum, some of 
V'hicli may be pedunculated. In other cases, however, the 
abdominal organs ma}’- be primarily affected. The udder 
becomes diseased in about 3 per cent, of cases, but primary 
affection of the gland is rare. 

In jiiijiy, as a rule, the disease is abdominal in origin, the 
liver, spleen and -glands being affected. In other cases a 
caseous Ikieunionia is found and in other instances again 
the organism produces a chronic affection of the lymphatic 
glands, known as Ifig’s Scrofula. Tubercular affections 
of the muscles are less rare in i)igs. 

In the horse, the abdominal organs are the primary seat 
of the disease, the spleen being enormously enlarged and 
crowded with nodules. Occasionally, the primary lesions 
are pulmonary. The mesenteric glands become enlarged. 
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The disease may spread to the limgSj causing miliary Tuber- 
culosis. In the cow, on the contrary, the disease generally 
commences in the lung with a local tubercle, later the pleurJB 
are affected causing “grapes ” and, later on, there may be 
a small amount of miliary tubercle. 

Action on the Tissues.— local lesion is a Tubercular 
nodule of a central giant cell which has many nuclei, often 
in a ring towards the periphery, but sometimes in a clump at 
one end. Bound this are spindle-shaped epithelial cells, and 
round these uninucleated leucocytes. Giant cells are found 
especially where the caseous change is relatively not active. 
Caseation, softening, calcidcation or fibrous .changes may 
occur. The general action is to produce pyrexia, perspira- 
tion, wasting and waxy degeneration. 

In cattle the organism is very often found in the giant 
cells, and scattered irregularly through the cellular connective 
tissue elements of the lesion, if little or no caseation is present. 

In the horse and in birds one may see enormous numbers 
even though the lesion be not very acute. 

Paths of Infection. — (1) Air passages ; (2) alimentary 
canal ; (3) wounds in the skin ; and (4) the genital organs, but 
this method is very rare. If infection is via the alimentary 
canal, the disease usually commences in the phar}mx or small 
intestine. 

To detect Tubercle in Carcasses. — It is necessary to examine 
most carefully the following portions of the carcass (1) The 
pleura and peritoneum for “ grapes, ” which present the 
appearance of nodules of varjnng sizes on the serous mem- 
branes. If either the pleura or peritoneum in part or whole 
is missing, the carcass should be rejected. (2) The various 
organs, e.g., the liver, spleen and kidneys for the presence 
of tubercles or small nodules j and if these organs are 
missing, then examine the glands (this should be done in all 
cases). (3) The glands to be examined have already been 
referred to in detail, but special attention should be paid to 
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the postpharyngeal, because they are often early infected, 
and to the sub-maxillary and pre-auricular because these are 
often overlooked by the butcher, who may remove some of 
the more prominent and more easily accessible glands. If 
on examining a carcass, it is found that the organs have been 
disposed off and the glands removed and the pleura strip- 
ped from the ribs and the diaphragm removed, it is almost 
certain that the carcass was tuberculous, and it should be 
condemned. Stripping of the pleura per se cannot always 
be held to be indicative of an attempt to hide evidence of 
Tuberculosis, as it may have been removed as the result of 
staining, owing to oversticking in the course of slaughter. 
This staining spoils the appearance. The glands should be 
most carefully examined before passing as fit for food any 
animal which has had its pleura stripped for such an alleged 
cause. 

The question of the suitability for human consumption 
of an animal suffering from Tuberculosis is at present almost 
entirely determined on the lines of the recommendations 
of the Eoyal Commission, appointed to report on this 
question. They advised that the entire carcass should be 
seized, when — 

(1) there was miliary tubercle of both lungs ; 

(2) tubercular lesions were present in the pleura and 

peritoneum ; 

(3) tubercular lesions were present in the muscular 

system, or in the lymphatic glands lying in or 

between the muscles ; 

(4) tubercular lesions were present in any part of an 

emaciated carcass ; 

and that the affected organs or parts containing lesions be 
condemned when the lesion was confined — 

(1) to the lungs and thoracic lymphatic glands ; 

(2) to the liver ; 

(3) to the pharyngeal lymphatic glands ; 

(4) and to any combination of the above when collec- 

tively small in extent. 
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In the case of the pig, if Tuberculosis is present in any 
degree, the carcass should be condemned. 

Experimental Inoculation.— li a guinea-pig be inoculated 
in the leg, in 9 or 10 days the popliteal and superficial inguinal 
glands on the same side will be enlarged ; in 14 days the deep 
inguinal and lumbar glands also. In 21 days the retro-hepatic 
and splenic glands are enlarged and the spleen and liver 
show small nodules. Later on, it is difficult to say which 
side was inoculated and the difficulty increases the further 
forward one goes. If the guinea-pig be inoculated in the 
peritoneal cavity, the first gland to become enlarged is the 
retro-peritoneal near the junction of the mesentery and the 
abdominal wall, next the retro-hepatic and then the 
poststernal. 

Pseudo-Tubeeoulosis. 

As the name implies, this disease is occasionally mistaken 
fox Tuberculosis. It is seen frec[uently in sheep and affects 
cattle and swine also. It is due to the presence of certain 
forms of strongyh ; other varieties are seen in rabbits and 
cats. Sheep are afiected with the Strongylus filaria and 
rufeacens ; cattle with the Strongylus micrurus, especially 
young cattle, and swine with the Strongylus paradoxus. 

The strongyli cause lesions in the lungs, and are liable 
to be mistaken for Tuberculosis. It must be remembered 
that this disease is rare in sheep (-2 to '3 'per cent.). Tlie 
strongyli are filiform bodies with lobed tails occasionally. 
They live in the bronchi, and the female travels to the ter- 
minal alveoli, and there lays . her eggs. These eggs may 
undergo development and set free larvae which may cause 
irritation in various parts of the lung, or the young may 
cause a localised inflammation. As a result of the irritation 
caused by the eggs or the larva3, Bronchitis or diffuse Pneu- 
monia may arise and, in addition, small nodules form and 
it is these nodules that are liable to be mistaken for true 
Tuberculosis. 
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Structure of a Nodule . — lu the centre one may see an egg 
containing an embryo, or a free embryo may be seen, or yet 
again, only a degenerated mass may exist. There is con- 
siderable small-celled infiltration of the alveolar walls and 
an accumulation of corpuscles in the alveoli involved. At 
a later stage, fibrous tissues form in the alveolar wall. 
In the neighbourhood of the worm itself, one may see 
degeneration simulating a fibrous capsule. Occasionally 
calcification occurs in the nodule. It is very rare to see a 
giant cell in these nodules. 

Mode of Spread.— Ml the year round numerous free 
embryos are found in the mucus in the air passages. In 
England they are specially' numerous in March and September. 
They escape from the animal with the mucus and live on 
the moist ground for a very considerable time. They can 
resist drying for a long period. They are probably taken 
up in the food. Their life liistory is not accurately known 
and it is a matter for conjecture whether from the stomach 
they bore a way to the lungs, or whether, via. the oesophagus, 
they creep to the larymx and thence to the lungs. The 
disease is not communicable to man. 

Appearauce of the Lungs . — The lung appears firmer than 
usual. The surface ])resents a blotched appearance. Some 
parts are brown-white, others are pink or pale-pink in colour. 
Nodules of a yellowish white colour are seen on the surface 
and also in the substance of the lung ; they are of firm con- 
sistence and vary in size from a pin’s head to an ordinary 
marble. Only the very’' bad ones need be seized. 

Actinomycosis. 

Actinomycosis affects man, oxen, horse, sheep, pigs 'and 
dogs. It is most common in cattle. It is sometimes seen in 
sheep and j)igs, occasionally in the horse and dog, and more 
rarely in man, resulting from direct injury from the spikes 
of barley and not from infected meat. 


458 


Sanitation in India. 


In man and the pig, the disease is characterised by 
chronic suppurative processes, which often extend to internal 
organs producing a chronic Pysemia. In the ox and horse, 
it is characterised by abundant formation of granular tissue 
resulting in tumours, especially on the tongue, in cattle. 

The disease is due to a parasite which grows in the form 
of little round masses about the size of a small pin’s head. 
When suppuration is present, they lie free in the pus and, 
when suppuration is absent, they lie embedded in the 
granulating tissue. They may be transparent or jelly-like, 
opaque, or may appear white, yellow, green or black, 
according to age. 

When examined under a microscope, these small masses 
are seen to be composed of three elements : (1) comparatively 
thin filaments, often of great length, between which is a fine 
granular substance ; (2) coccus-like bodies formed by seg- 
mentation of the filaments ; and (3) club-shaped bodies formed 
by a hyaline swellmg of the sheath at the end of a filament. 

In the human being, it produces chronic inflammatory 
changes usually ending in suppuration, which spreads slowly, 
and is usually associated with an abundant growth of the 
organism in the filamentous form. Multiple foci of suppura- 
tion are seen at the spreading margin. 

In cattle, the disease assumes more of a formative type, 
resulting in abundant growth of granular tissue, forming 
tumours more or less nodulated. It is rarely seen to a greater 
extent than 1 or 2 per 1,000 in England. It afiects the 
tongue, lower jaw, lungs, tonsils, liver and intestines, etc. 

The tongue becomes large and very hard, due to a great 
accumulation of fibrous tissue under the mucous membrane, 
especially in the back and sides. The jaw becomes enlarged, 
bulged out and nodulated ; when cut across, dense bony 
tissue is seen with spaces containing soft purulent granula- 
tion tissue ; occasionally a cavity filled with pus is found, 
or nodules with a mulberry-like spot in the centre. 
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There is, as yet, no evidence that man is directly infected 
with the disease from animals, but nevertheless, any animal 
infected with Actinomycosis should be condemned as human 
food. This is the rule in most of the American States and 
in England. 

Botryomycosis or Dyscomycosi.s. 

Botryomycosis or Byscomycosis is a disease very rare 
in man, common in the horse, less so in cattle. It is a chronic 
disease resultmg in the formation of large masses of fibrous 
tissue in various parts of the body. These masses enclose 
small purulent foci and may cause fistulous openings just as 
in Actinomycosis. On microscopical examination, instead 
of the typical Actinomycosis in small lobuli, one finds clumps 
of small cocci in rounded masses of from 50 to 100 m.m, in 
diameter, each mass being surrounded by a zone of hyaline 
matter, and containing small yellow granules. Each mass 
is held together by fibrous tissue. The disease is due to a 
coccus — ^the Botryomycosis Equi. Grown on potato, it 
produces a bright orange colour like the Staphylococcus 
pyogenes aureus, but differs in causing a smell of fresh straw- 
berries. There is no evidence that the flesh is capable of 
producing the disease in man, in whom the disease is very 
rare. Cattle and the pig suffer but rarely. The sheep, goat, 
dog, rabbit, guinea-pig and mice may suffer possibly. In 
the horse, the skin, subcutaneous tissue and the fibrous tissue 
of the spermatic cord may be affected. In the cow, the 
udder and viscera are occasionally attacked. 

Anthrax. 

Anthrax is a disease which occasionally occurs epidemi- 
cally among herbivora, especially oxen and sheep. The 
horse, deer and goat are less susceptible. Rabbits, guinea- 
pigs and mice are very susceptible, pigs are sometimes 
attacked. The white rat, adult carnivora, birds and amphi- 
bia and Algerian sheep are not susceptible ; the brown rat is. 
The disease is readily contracted by man. Anthrax is a very 
common disease m India, Persia and Siberia. 
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It is due to a large non-motile, spore-bearing bacillus, which has a com- 
paratively low power of resistance, being unable to stand exposure to 60 C 
for long. If kept dry at ordinary temperature, it dies in a few days. It 
can grow without oxygen, but it grows much better with it. No spores 
are formed in the absence of free oxygen, and this fact has great value in 
the question of the disposal of carcasses of animals dead from this disease. 
Though the organism itself has but low power of resistance, it is quite the 
reverse with the .spores : if kept dry, they will live for a year or more. They 
resist boiling for five minutes and require a dry heat of l^O^O for several 
hours to kill them. They willlivein sewage, in the soil and in distilled 
water for several months. Spore-formation does not occur in the body 
of a dead animal owing to the absence of free oxygen. Both the bacilli 
and the contained spores die speedily if kept within the intact carcass. 
This points to the urgent necessity of preventing the effusion of blood when 
disposing off a carcass. 


The disease manifests itself in various forms. The most 
severe form has a sudden onset ; it is seen especially in sheep 
and cattle, and, from its nature, is called fulminant or 
apoplectic. The animal has loss of appetite, trembling 
irregular movements, backwards or to one side, dyspnoea, 
cyanosis, convulsions, escape.of blood by the nose or with, 
the urine and faeces, death occurring in from a few 
minutes to 4 or 5 hours. Another form is splenic fever or 
splenic apoplexy. This is especially virulent in oxen and 
sheep. The animal is excitable and restless, and its tempera- 
ture rises 3° or 4*^, The mucosae are congested, and in sheep 
this may show on the finer parts of the skin, e.g., inside the 
forearm or thigh. There may be tremors, erection of the 
hairs, dullness, prostration, thirst, grinding of the teeth, 
colic, passage of mucus and blood per rectum, and discharge 
of blood from the nose. The blood is very dark and usually 
has a thick tarry appearance. Death usually supervenes 
in sheep in 24 hours, and in cattle in from 2 to 5 days, and in 
horses 1 to 6 clays. In more prolonged cases, tliere is 
widespread oedema, extensive enlargement of Ijrmphatic 
glands, and, in those about the neck especially, necrosis and 
ulceration may occur. This sub-acute form is seen more 
particularly in horses, which are less susceptible than cattle 
and sheep. 



Anthrax- 


461 


Post-mortem appearance in the Ox . — ^The spleen is greatly . enlarged, 
darlr red in colour, soft and friable. The liver is enlarged and congest- 
ed and shows signs of acute cloudy swelling. The kidneys and lungs are 
also congested. The heart shows cloudy swelling, and the intestines are 
congested and filled with a bloody fluid. The glands, e.specially the 
mediastinal, mesenteric and cervical, are much enlarged and surrounded 
with oadematous ti.ssue ; the lymphatic vessels are also swollen and both 
the glands and vessels contain bacilli, as also do all the organs, especially 
the spleen. The flesh is darker than usual and is also often dropsical 
and bile-stained. Putrefaction of the carcass is often rapid. In the 
very rapidly fatal cases, the change.s in tlu< blood and tissues may be but 
little marke<l, and after removal of the enlarged engorged spleen 
and infiltrated internal organs, the carca.ss is sometimes iilaced on the 
market and may i)ass unnoticed. In more prolonged ease.s, the changes 
mentioned above occur, and there is therefore more liability of detection. 

Tlie flesli of an animal suffering from Anthrax, in whatever 
stage, should invariably be condemned. Great care must be 
exercised, in disposing off the carcass, to prevent any effusion 
of blood. The best method of disposal is by cremation of 
the entire carcass. 

Anthrax in tlie pig is comparatively rare ; when it does 
occur, the body is livid and sodden and darker in colour, and 
the spleen and other organs are affected much as in the 
case of the ox. ^ 

Emphysematous Anthrax. 

Synonyms . — Symptomatic Anthrax, black quarter, black 
leg, or quarter ill. 

An acute infectious disease characterised by pyrexia, 
lameness, and a localised, hot, painful swelling on the 
shoulder, quarter, leg, neck, trunk or elsewhere, tending to 
emphysema and gangrene, and, when incised, showing black 
extravasated blood, clotted or frothy. It is due to a rod- 
shaped microbe with rounded ends, found singly or united 
in pairs or very short filaments. These microbes form 
spores even in the body of the affected animal. They are 
motile and anaerobic. 

Post-mortem appearance . — ^The carcass is liable to be bloated with gas 
and a reddish, frothy fluid often escapes from the mouth, nose and anus. 
Gas is particularly abundant in the neighbourhood of the tumour, which 
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on being incised exposes a mass of extravasated blood and Ijmipli exudate. 
The muscles beneath are of a dirty brown or black colour and readily break 
down under pressure of the finger. They are infiltrated with gas and 
crepitate on pressure, and in them the bacilli are present in large numbers. 
The swelling may occur also in the tongue, pharynx, pleura, lungs, heart, 
mediastinum, pericardium and the peritoneum, etc. The liver and kidneys 
may be hypersemic. The spleen is rarely enlarged. The disease is often 
speedily fatal. 

The carcass should be cremated without being cut in any 
way. The meat is unfit for human consumption. 

Einderpest or Cattle Plag-ue. 

Einderpest is a contagious disease indigenous to the 
Asiatic steppes of Eussia, India, Persia, China, Burma, Tibet 
and Ceylon. It has a period of incubation varying from 4 to 
8 days ; it runs a definite course and frequently terminates 
fatally. Though boviues are by far the most susceptible, aud 
it is by them that the disease is mainly propagated and in 
them that the mortality is greatest, infection may be com- 
municated to the sheep, goat, gazelle, deer, camel, giraffe, 
dromedary and buffalo. The horse, dog, rabbit, bird and 
man are immune. The earHest symptom is an abrupt rise of 
* temperature (104° F. to 108° F,), usually reaching its maxi- 
mum on the third or fourth day, faUing when other symp- 
toms are developed. In two days the rise of temperature 
is followed by white eruptions on the inner sides of the lips 
closely resembling thrush, and there is an alteration in the 
appearance of the mucous membrane of the vagina. The 
following day the animal appears definitely ill and its appetite 
is less. After the fourth day the animal is seriously ill, with 
drooping head, hanging ears, distressed look, rigors and 
twitchings of the superficial muscles, failing pulse, ^stressed 
breathing, foetid breath, and discharge from mouth, hose 
and eyes. On the sixth day the pulse becomes feeble and 
thready and the limbs weak, the temperature begins to 
fall also, the abdomen becomes tender, and the jDreliminary 
constipation is followed by diarrhma with much riunbliug. 
When the disease is fully estabhshed, the respirations are 
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often cliaracteristiG, consisting of a sudden closure of the 
glottis, with an audible clicking sound in the course of an 
expiration and, after a perceptible interval of holding the 
breath, the expiration is resumed with or without an accoin- 
panymg moan. The secretion of milk is arrested, often 
in a sudden and complete manner. The animal grinds its 
teeth, arches its back, and draws its legs together. In the 
mouth, in some cases, small round nodules, seldom larger 
than a millet seed, are observed, through which a yellowish 
mp.terial may be seen. In a few hours the epithelium gives 
way leaving a small superficial ulcer, which however heals 
rapidly leavmg no scar. The vaginal mucous membrane 
becomes of a deep dark-red colour. 

Post-mortem appearance . — The mucous membrane of the mouth, larynx 
and pharynx, and of*the fourth stomach and small intestine are marked 
with, streaks arid patches of red, and the follicles are reddened. Tlie terminal 
portion of the rectum is especially liable to marked congestion and blood 
extravasation.^ with more or less desquamation and erosions. The spleen 
is normal, in strong contrast to that organ in Antlirax, in which disease 
similar lesions are found in the intestine, specially the rectum. The 
liver is usually rather pale and soft. The skin may be yellowish, red or 
dark with a general scurvy condition and eruptions of a rounded wart-like 
nature on the teats and udder. The blood is at first but little altered, 
later, however, there is a marked increase of fibrin and a decrease of water 
and before death it becomes black and incoagulable. In the advanced 
stages, the flesh is dark, has a disagreeable odour, and may crackle on 
pressure. 

Tbe flesb is uufit for buman consumption and should be 
destroyed. 


Foot and Mouth Disease. 

Foot and Mouth Disease is an acute infectious disease of 
lower animals, especially ruminants, characterised by a 
slight fever and the eruption of vesicles or bullae on the 
skin and mucous membranes and most usually seen on the 
feet, mouth and teats. Sheep and pigs suffer less often. 
Man, is susceptible, as are also horses, dogs, cats and fowls, 
when they are inoculated or fed upon infected material, e^., 
milk or other products. 



464 


SanitatiojST in India. 


Symptoms . — ^Tiie incubation period varies from 36 hours 
to 5 days, and occasionally longer. There is a rise of tem- 
perature (102° F.-103° F.), with shivering, dryness and heat 
of the muzzle, redness of the mucous membrane of the mouth 
and teats, and impaired appetite, tenderness of the feet and 
extension backward and shaking of the hind feet in turn. 
On the second day, the eruption usually appears and the 
fever falls and bullso may be found on the inside of 
the lips and cheeks or on the palate and tongue with, in many 
cases, a congested areola. These vesicles burst leaving a 
red sore covered with the remains of the vesicle, suppura- 
tion may ensue and, if very severe, abscesses may form in 
the liver and lungs. On the teats the buUa3 appear about 
the same time, but they are usually smaller than the buccal 
bullse. The eruption appears on the feet especially iii the 
interdigital space and, if exposed to dirt, these ulcers may 
extend and result in the shedding of the hoof. 

The Board of Agriculture do not permit infected animals 
to be brought into public abbatoirs. If the disease is not 
very severe, the flesh may be passed for food, but the affected 
parts must be rejected. 

Epizootic Pleuro-Pneumonia. 

Epizootic Pleuro-Pneumonia is an infectious, febrile 
disease occurring in cattle, characterised by a prolonged 
incubation period, an insidious onset, inflammation of the 
bronchi, lungs and pleura, a profuse exudation into the 
interlobular connective tissue and chest, and a very extensive 
area of consolidation in the lungs. Several micro-organisms 
have been assigned as the cause of this disease. 

Post-moriem appeara7ice.—li death has occurred early, the lesions are 
essentially pulmonary, though the pleura and mediastinum may be impli- 
cated. The bronchial, mediastinal and prepectoral glands are enlarged. 
Later, the glands of the pharynx, mesentery and sublumbar region and 
groin are enlarged and there is hypersemia and congestion of the intestinal 
follicles and intermuscular tissue. The lungs show various stages of 
hepatization. The flesh is dark. ° 
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Pleuro-Pneumonia of cattle does not appear to be con- 
vej^ed to man. In Germany the^flesli is allowed to be sold 
after it lias been thoroughly cooked and left till perfectly 
cold. The lungs, however, are to be destroyed in every in- 
stance. In the early stages of the disease, the flesh appears 
to be normal in appearance, colour and consistence, later 
it becomes emaciated, discoloured and flabby. In England, 
it is (uistomary to condemn only those carcasses which 
show signs of the disease in the muscular tissue, and to pass 
the carcass if it presents no. departure from natural conditions . 

Glanders and Eaucy. 

G-landers is of importance to the meat Inspector mainly 
bec.ause of the occasional substitution of horse flesh for that 
of the ox. 

Glanders chiefly affects horses, mules and asses. It is also 
seen in guinea-pigs and field mice, and in carnivora such as 
dogs, cats, lions and tigers. It also affects man as the result 
of inoculation. Cattle, swine, the house and white mice are 
immune. 

In the horse one may see either Glanders proper, or 
Farcy which is a different manifestation of the same 
disease, or both may be seen together. It may be acute 
or chronic. It is characterised by a rise of tempera- 
ture and rigors. The septum nasi and adjacent parts are 
most affected. The mucous membrane of the nose be- 
comes congested, sometimes only on one side, and later 
nodules form, which arc at first firm and translucent and of 
a greyish appearance. They are accompanied by a profuse 
discharge. Later, the nodules soften in the centre and 
ultimately ulcerate ; several small nodules may coalesce to 
form one large ulcer with a raised margin. The septum is 
usually first affected and the turbinate bones may become 
so later. The lungs may show Broncho-Pneumonia and 
nodules. The Pneumonia may be more or less general 
and accompanied by intense hypersemia. The nodules 
exist in various parts, especially under the pleura ; they 
30 
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may be very small, but are generally larger than the tuber- 
cular nodules ; moreover, they are fewer in number, and do 
not sbow tbe same tendency to coalesce. Tliere is marked 
hyperaemia around them. Microscopically, they are seen 
to consist of, in the centre, leucocytes, chiefly with much 
exudation of blood-stained fibrinous lymph in the alveoli, 
the walls of which are very congested. There are no giant 
cells. Later, the central part becomes granular and opaque, 
and around this is a zone of leucocytes and epitheloid cells 
and perhaps a few giant cells. Associated with these lesions 
in Glanders proper, there is usually some inflammation of 
the glands in the neck, and mediastinum, and there may be 
grey or yellowish nodules in the spleen, liver and the teste.s 
dyspnoea, difficult deglutition, diarrhoea and emaciation a, re 
usually present. 

Farcy~oT Glanders of the Skin — is less common in 
chronic Glanders than in acute. Small swellings, whicli are 
really localised abscesses, form : the usual site being the limbs, 
flaiilcs, shoulders, breast and neck. The nodules are known 
as Farcy buds and vary in size from a pea to a moderate 
walnut. They cause secondary inflammation of lymph- 
glands and vessels, forming Farcy pipes or cords. Infection 
occurs through an abrasion of the skin. The affected glands 
become large and firm and may at a later stage suppurate 
and ulcerate. Secondary nodules may occur in the internal 
organs and on the nasal mucous membrane. Acute Glanders 
is generally seen in asses, chronic in horses, and both forjus 
in mules. 

The disease is duo to the Glanders bacillus, which is a minute rod with 
rounded ends, straight or slightly curved. It is about tho same length 
the bacillus of Tuberculosis, but is slightly thicker. It is non-motile, 
non-sporing and Gram-negative. It is sometimes seen in short filaments. 
In the tissues it lies scattered irregularly among the cellular elements, 
mostly extra-cellular. It is sometimes seen in the leucocyte.^ and 
connective tissue corpuscles. It is most abundant iu acute lesions and 
may be difficult to find in chronic nodules. It is not killed at once by 
drying, but takes some time. It is not easib'- lulled by putrefaction and 
it offers but a feeble resistance to heat and antiseptics. Injected into 
the peritoneum of guinea-pigs, ic is followed by a very rapid and 
semi-purulent affection of tho tunica vaginalis in 3 to 4 days, and there 
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are also nodules on tlie peritoneum. The diagnosis of Glanders is confirmed 
by the inoculation of guinea-pigs and by the injection of mallein into the 
suspected animal, 

Mallein is prepared by growing Glanders bacilli on glyce- 
rine bouillon, subsequently sterilising, filtering and adding 
a little carbolic acid (-5 per cent.) to prevent decomposition. 
One c.c. is injected subctitaneously at the base of the horse’s 
neck. The animal’s temperature should be taken before 
injection, and after 6, 10, 14 and 18 hours. In a Glandered 
animal, at the site of inoculation a painful local swelling 
forms, wliich is at its maximum size (5 inches) in 24 hours. 
The temperature rises T 5 to 2 degrees and is at its maximum 
in 8 to 16 hours. If the temperature does not go above 1-^ 
degrees, the reaction is doubtful. In unaffected animals, 
the temperature may rise 1 degree and the swelling may 
reach 3 inches, but it subsides next day. 

Glanders and Farcy are not always acute forms of disease but may both 
be chronic. The disease is, however, always infective. Indeed, the so- 
called “ Occult Glanders,” the only external manifestation being occasional 
slight nasal discharge, is infective. As Glanders is readily and directly 
communicated by the na,sal discharges, characteristic nodules are soon 
produced probably in from a few days to a fertnight. The intensity of 
the disease is proportionate to the rapid formation and softening of the 
nodules. Man, like the horse, may be inoculated, tlirough wounds or 
scratches, or through the application of the nasal discharge of a Glandered 
animal to the mucous membrane of the nose or mouth. Acute Farcy in 
man runs a very rapid course, the average period being from two to 
throe weeks, and perhaps one patient in ten may recover. 

At a temperature of 77 deg. Fab. the bacilli grow and develop outside 
the body, especially in such materials as fodder, manure and stable refuse. 
However, a temperature of 131 dog. Fah. continued for ten minutes is 
sufficient to destroy the bacilli. 

A stable wliich has been occupied by a Glandered horse may remain 
infective for some weeks. It may be efficiently disinfected by good washing 
with boiling water. A .solution of carbolic acid (4 per cent.) applied to 
the nasal discharge will make it innocuous in a minute. 

The duties of the local authority as regards Glanders are to disseminate 
information about it; to see that all cases are duly reported and dealt 
with, so as to prevent the spread of the disease ; and to inspect more 
efficiently than is usual, all knackem’ yards, and prevent the sale of Glan- 
dered carcasses. 

The experience of the siege of Paris in 1870 does not show that any 
ill-effects were experienced as the result of eating horses which had 
suffered from Glanders and Farcy. 
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Sheep-Pox. 

Sheep-pox is a contagious and infectious disease analog- 
ous to Small-pox and Cow-pox. It prevails among sheep 
and goats and is characterised by early and marked hyper- 
thermia followed by the appearance, on the bare or merely 
hairy portion of the skin, of diffuse redness, a rounded papular 
eruption passing into vesicles, pustules, and scabs which 
ultimately fall off in 15 to 20 days. There are two main 
forms : (1) malignant, in which the sheep lose their eyes, the 
wool falls ofi, the skin cracks in a zigzag manner and the 
nostrils fill with a foetid discharge ; and (2) benign, in which a 
genuine blister forms, leaving pits on which tlie wool never 
grows again. 

Symptoms . — ^An initial fever followed later by red nodule s 
deeply bedded in the dermis and usually first seen on the 
inner aspect of the arm and thighs and the cheeks, lips and 
the under surface of the tail and round the anus. Tluj 
animal is usually dull and thirsty, and the eyes bloodshot. 
The papule develo]DS into a flat vesicle which ultimately 
becomes turbid and, forming a crust, is cast off with the 
epidermis. 

The head is held low, the animal lies by itself in a corner 
with quick and short breathing, and a discharge from the 
nose. A secondary eruption may occur, but oidy papuko 
form. The duration is usually about three weeks but, in 
cold weather, it may reach four. 

Foai-viovi&m appearance . — The body is swollen and e.xhtiks n Io.:tid udour. 
The eyes audno.se are closed by a dry discharge. TJie luufuus uu-nilu-aiu*. 
of the mouth, nose, pharynx, ae,sophagns, larjmx, bronchi and of the ruuicn 
are covered vith largo nodules, and occasionally in the larynx ihcrc aie 
ulcers. The lymphatic glands in various parts are enlarged and llu^ .snl)- 
cutaneous tissuo.s arc engorged with blood. The plenrse aie often congested 
and there may be petechias, exudation and discoloration. The fie.-li 
becomes soft and dropsical. 

The flesh should be condemned as unfit for human food. 
Except in the early stages, the flesh has a most disagreeable, 
odour. In the later stages the flesh becomes soft, pale and 
dropsical. 
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Swine Erysipelas is a disease of swine, characterised by 
high fever, great prostration and muscular weakness and a 
violet hue of the visible mucosse and a red or violet discolo- 
ration of the skin in spots or patches, or even universally, and 
enlarged lyitiphatic glands and spleen. The disease is due to 
a bacillus which is found in small numbers only in the blood 
and vascular system, but in large numbers in the lymphatic 
glands, spleen, kidneys and red marrow. The incubation 
period is about 3 to 4 days. The animal shows signs of fever, 
the respiration and the heart are accelerated, the animal 
refuses to move ; at first there is costiveness, later diarrhoea. 
Discoloration of the skin appears early ; it may be red or 
violet, and is noticed round the root of the ears, neck, breast, 
the inside of the arms, and thighs, abdomen and perineum. 
The isolated spots may coalesce and form one large mass on 
the abdomen or the back. The mortality is very high. 

Post-mortem apjieimvnce , — There are many extravasations into the 
skin, the lyinph-glaucls are enlarged and become dark-red or almost black 
in colour. The liver and .spleen are congested, as are also the lungs and 
kidneys. Rigor mortis is not fully developed and, if the disease has 
been of long duration tlxereis emaciation and dropsy. 

Hog Cholera. 

Hog Cholera is a contagious disease of swine, of an acute 
or subacute form, characterised by fever, congestion, exuda- 
tion, ecchymosis and necrotic ulceration of the intestinal mu- 
cous membrane and of the stomach, and by a profuse diarr- 
hoea, enlargement of the lymphatic glands with congestion 
and blood extravasations, by efiaceable blotches and 
ineffaceable petechise of the skin, snout and visible mucosse, 
with a tendency to necrotic changes, and less frequently by 
pulmonary congestion and degeneration and by a high 
mortality. The disease is due to an actively motile bacillus, 
mostly occurring in pairs. 

Post- mortem a'ppearance .. — ^The spleen is fouird enlarged, soft and dark. 

There is no evidence that the flesh of swine suffering from 
Hog Cholera causes illness in. man. In Germany, the sound 
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flesh, of animals infected may he sold, with a declaration as 
to its nature, after thorough cooking. The infected parts 
must be burned or buried. In England, the flesh of diseased 
animal is considered unfit for food. 

CocoiDiosis. 

Coccidiosis is a disease met with in rabbits, sheep and 
cattle. It is occasionally seen . in man. It is caused by 
sporosperms. On examination, the liver of the aflected rab- 
bit is seen to be studded with nodules which may approach 
^ inch in diameter. A common form is the Coccidium 
Oviforme. It is to be found in the bile ducts, or enclosed in 
the epithelial cells thereof. If a nodule be opened, clear, 
ovoid bodies with a capsule of high refraction giving a double 
contour will be seen. The faeces of affected animals contain 
these bodies. Somewhat similar forms may be seen in dogs, 
calves, sheep and birds. Development takes place in the 
epithelial cells of the liver and bowel. 

In so far as suitability for human food is concerned, it is 
sufficient that the liver and intestines be destroyed. 

Malignant (Edema. 

Malignant oedema is an acute disease of domestic and 
wild animals, characterised by a painful and often crepitating 
swelling in the vicinity of the affected part. The tissues 
become swollen and, in the case of an open wound, there 
is a profuse discharge of a yellow, watery or serous aspect, 
with bubbles of gas possessing a foetid odour. 

The flesh should be destroyed. 

Rabies. 

Rabies may attack dogs, wolves, foxes, jackals, cats, 
lions, tigers, pigs, horses, cattle, sheep, goats, deer, rats 
mice, chickens and pigeons. 

The flesh of edible animals should be destroyed. 
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Acute Rheumatism or Joint III. 

Tlie animal is lame, or may even be unable to rise. The 
affected joints contain a clear fluid which may, however, 
become purulent, and abscesses may form in the neighbour- 
hood of the joint. When the disease is severe, the flesh 
becomes dropsical, in which case it becomes unfit for human 
consumption. 


Parasitic Diseases of Animals. 

There are 3 main types concerned ; the Trematodes, Ces- 
todes and Nematodes. 



Trcnifttndes 

(ilukes). 


Cestodes 
(ta])e ■worm.s.) 

Nematodes 
(round worms). 

1. 

Short Hat worms. 

1. 

Long flat worni.s. 

1. Long and cylhi- 





drioal. 

2, 

Alinientarj'- canal 

pre-; 2. 

No a I i in e n t a ry 

2. Canal present. 


sent. 

1 

canal. 


3. 

Nearly all ai’c 

her-: 3. 

Hormaiflirodite. 

3. Sexes separate. 


maphrodite 





harsiia, not so.) 

1 



4. 

Skin cliitinou.s. 

!^‘ 

Skin cellular. 

4. Skin chitinous. 



15. 

Adult worm inhabits 




! 

the alimentary 




i 

canal. 



It is possible to refer only to a few of the more common 
worms which are found in animals and which in turn affect 
man. Those mentioned are more or less typical of their 
class, and are mentioned as such and not necessarily because 
they are found in India. 

Fasciola Hepatica (The Liver Fluke). 

This w’^orm belongs to the order of Trematoda and its 
geographical distribution is universal. Its hosts are man, 
cattle, sheep, swine, and sometimes the horse and rabbit 
and its habitat is the liver and bile ducts of the affected 
animal. 
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The Distoma Hepatica are flat, conical worms, 
longer than broad. At the anterior end is situated the 
mouth surrounded by a sucker. A second sucker is situated 
in the median ventral line. The surface of the flukes is 
generally more or less covered with minute spines. 

The digestive tract consists of the mouth and pharynx, 
below which is a circular muscle which cuts off the oeso- 
phagus from it. Near the ventral sucker, the oesophagus 
divides into two bhnd sacks which run parallel to the sides and 
give off branches which again divide. A few short branches 
are given ofl internally. None have an external open- 
ing. A central canal runs from the junction of the upper 
and middle third to the posterior end of the worm, terminat- 
ing in the foramen caudale. At the anterior end, it has three 
branches, one medial and two lateral ; the main trunk gives 
ofl branches which sub-divide. 

Genital organs . — ^The worm is hermaphrodite. The geni- 
tal pore is in the median line, just above the ventral sucker. 
The penis is in a pouch which also encloses the receptaoulum 
seminalis into which run the vasa deferentia from the testes 
which are two in number. The female organ comprises 
the vaginal orifice which is very small and is situated in the 
genital pore near the penis. The uterus is much coiled and 
lies just above the testes. 

Life-history . — ^This is very complex, for the adult parasite, instead of 
producing young similar to itseK and capable of developing into adults 
in cattle, produces eggs which develop into organisms totally different 
from the adult form, living a jiarasitic life in other animals. The ova arc oval 
in shape and about '14 m.m. by -11 m.m. in size. They are ciliated and 
have an operculum and contain an embryo. The eggs escape from the 
uterus of the adult and are carried to the intenstine of the host with the 
bile, and then pass out with the faecal matter. Many of them become 
dried and undergo no further development, but others are dropped in the 
water of marshes or into damp soil. After a longer or shorter time, a ciliaterl 
embryo is developed, the time varying with the temperature: at 20° 
to 26° C. it takes 10 days to 3 weeks, at 16° C. 2 to 3 months. As long 
as the eggs remain in the dark, the miracidium will not escape from the 
egg. When, however, the free, swimming, ciliated miracidium does escape 
it swims in the water and seeking out certain varieties of snails, attacks 
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them and, seeking the liver there, develops into a siiorocyst which grows 
slowly at first and tlien more rapidly. When they are about two or three 
weeks old, redite escape from the sporocyst and increase in size. The 
redia has a mouth, pharynx and a blind intestinal canal. 

The redia, as well as the sporocyst, may he looked upon as a female organ 
and in its body cavity arc found a number of germ cells which develop 
into ceroarioQ, which resemble the adult in having suckers and an alimen- 
tary canal ; but they have no genital organs. They have a large tail. 
When develoxred, they leave the body of the sx)OJ’ 0 (!yst or redia and the 
snail, and swim about in the water. After a time they attach themselves 
to blades of grass, etc., and lose their tail. They now remain quiescent 
until they arc swfillowed by some other animal, when, via the gall-ducts or 
I)ossibly the xrortal veins, they reach the liver whore they develop into 
the adult hermaphrodite worm. This curious development lasts about 10 
to 12 weeks, and there is a constant potential increase in the number of 
individuals ; for the sporocyst may give rise to 5 to 8 redise and each redia 
to 12 to 20 cercarioe and each adult to from 37,000 to 45,000 eggs. This 
fei-tility is necessary because the life-history is complicated, and compara- 
tively small chance exists for any one egg to complete its life-history. 
As a general rule, it can be said that the disease is found usually on the 
lowlands, marshes, valleys, etc. 

If the disease be not extensive, only the liver of the 
sheep need be destroyed. 

If there is marked anaemia, cachexia, general weakness 
and bile discoloration of the tissues, the flesh should not be 
placed on the market. 

In the sheep the worm is easily demonstrated by pressing 
on the bile ducts, 

Cestodes oe Tapeworms. 

The more important cestodes, as far as meat inspection 
is concerned, are three in number, viz . ; — 

(!) Taenia Mediocanellata (Synonym, Taenia Saginata), 

(2) Taenia Solium, 

(3) Taenia Echinococcus. 

The cestodes are long, ribbon-hke worms. They exist 
in different forms in the alternate hosts. The adult tape- 
worm inhabits the intestinal canal. 
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T^nia Mediocanbllata. 

The Teenia mediocanellata or Saginala is the com- 
monest tapeworm found in England. It is distributed 
over the whole world, being found in Europe, Asia, Africa, 
America and Australia. Its chief host is man and its 
intermediate host is the ox, where the worm is encysted 
(cysticercus Bovis). 

Description of the adult worm found in man . — ^This tape- 
worm can approach 25 feet in length. The whole body of 
the tapeworm (the strobila) consists of a head and neck (the 
scolex) and a series of segments (the proglottides). 

The head is somewhat square-shaped, about -|th of an 
inch in size, and is provided with four suckers. There are 
no booklets and no rostellum. There is much pigmentation, 
however. Growing out from the posterior end of the hea,d is 
the thin neck which merges into the segments or proglottides. 
Each proglottis is hermaphrodite. The male organs are the 
testes and vasa deferentia. The female organs are the 
ovary, uterus and vagina. The uterus is composed of 
two main branches and a large number of ramifying lateral 
branches, which are 20 to 30 in number and are so closely 
packed as to appear parallel. The genital pore is sometimes 
alternate but may vary greatly. 

The proglottis has a narrow anterior part and a broader 
posterior. In all there are a vascular apparatus and sexual 
organs. 

The ova are impregnated in the uterus and, after a lapse 
of time, pass down to the vagina. 

The T^nia mediocanellata produces about 1,200 segments 
and from about the 600th, each segment is sexually mature. 

Life-history . — Starting with the adult tapeworm in the intestine of men, 
the egg escapes from the uterus of the worm and passes out with the ex- 
creta, or segments containing eggs may break loose and lyass out. In either 
case, the eggs become scattered upon the ground or in water and reach 
cattle, by their food or drink. Upon arriving in the stomach of the ox, the 



Tjenia Solium. 


475 


egg sliells are destroyed. The embryo then bores its way throxigh the 
intestinal walls with the aid of six minute hooks with which it is provided 
and wanders to the muscles where it rests, or if it bores its way into a vessel 
it may be carried by the blood to any organ in the body. When it comes 
to rest, it loses its hooks and increases in size, developing into a small 
round bladder worm. The head of a future tapeworixi is then developed 
in an invagination of the cyst xvall, and the complete organism thus formed 
is known as a cystiocrcus or bladder worm. The total time taken is about 
7 to IS weeks. 

The Cysticercus bovis has been found in the skeletal 
muscles (measly beef), heart, the adipose tissue round 
the kidney, snbperitoneal connective tissue, lymphatic 
glands, brain, lungs and liver. It lies between the muscular 
fibres. It is white or grey in colour and has a small 
yellowish spot on it due to its iirvaginated head. The 
bladder contains but little liquid, and has only one scolex. 

These bladder worms are specially seen in the jaw- 
muscles, diaphragm, tongue and shoulder. The breast, 
eyelids and heart are also frequently affected. 

The only parasites likely to be confused with the cysti- 
cercus are (1) the Cysticercus tenvicollis which, however 
has 28 to 40 booklets and, moreover, is found under the 
serous membranes of the body cavity and not in muscles, 
and (2) the Tsenia echinococcus in which either the head is 
absent, or there are numerous armed heads in brood capsules, 
the cuticle is thick and laminated and its form is round, where- 
as in the Cysticercus bovis the form is oval, the cuticle thin 
and there is an unarmed single head. 

Taenia Solium. 

The Ticnia solium is very common in Ireland and Ger- 
many. The adult stage is seen in man, and the larval (the 
Cysticercus cellulosse) in the pig. 

The adult worm as found in man . — ^The head is smaller 
than that of the Tsenia mediocanellata, measuring about 
^ inch. It has four suckers and a rostellnm, at the base of 
which are two rows of booklets numbering about 26 and 
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rarely exceeding 30. It is smaller th.an the Tmnia media 
and seldom reaches more than 16 feet in length. The 
proglottides resemble those of the Taenia media in shape, but 
are smaller. The genital pore is lateral and a,lternates regu- 
larly. The uterus is less branched, having about seven 
to ten branches only. There are about 850 segments; each 
segment after the 450th is sexually mature. 

Lije-history . — The life history is exactly the same as in the Tienia medio- 
canellata, except that the pig, and not the ox, is the intermediate host 
and that this bladder worm is occasionally found in man. It is rare to 
find more than one T. mediocanellata in the same patient, but several 
cases are on record of two or more T. aolia being found. The pork bladder 
worm is larger than the beef, reaching a maximum of half an inch. It 
is usually found in the muscles of the tongue, neck, shoulder (measly 
pork) and in the liver and kidneys, abdomen, jaw, inter-costals, dia- 
phragm, pectorals and the adductors of the hind legs. The parasite in 
the pig which is most likoly to be confused with the Cysticercus cellulo.sa> 
is the Cysticercus tenvicoUis, which is not transmissible to man. It is 
larger and has more hooks (28 to 40) and is found under the serous mem- 
branes of the body cavities and not in, muscles. 

Both measly beef and measly pork should be condemned. 

T^nia Echinococcus (Cestode). 

The Taenia echinococcus is perhaps the most important 
parasite in meat inspection. 

Its larval life is spent in any organ, but more parti- 
cularly iu the lungs and liver of man, cattle and sheep. The 
adult stage is seen in dogs, but not in man; when eaten by 
dogs the hydatid develops into an adult tapeworm. It is 
also seen in the dingo, jackal and wolf. 

The disease in man caused by the larval stage of this worm 
is known as Hydatid Disease. It is very common in Ireland, 
India and Australia and is also seen in England. 

Description of the adult worm.—The head is much smaller 
than that of the two preceding worms. It is about inch. 
There is a rostellum and also a double row of booklets of 
two different sizes. In all, the booklets number about 30 
or 40. There are also four suckers. 
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Proglottides . — Tliere are four segments only, of which the 
4th alone is mature. 

The W'Orm is about inch long and the structure is but 
ill-defined. The uterus is central and presents a rosette 
appearance. The genital pore is laterally placed. 

Life-histonj. — Startiiifj; Nvith the adult worm in the small intestine of the 
dog, wolf or jackal, the eggs are scattered on the ground and are swallowed 
by tlie intormodiato hosts (man, cattle, sheep, swine) in water, or food. 
Uiwn arriving in the stomach, the six-hooked embryo escapes from the 
ogg shell and wanders, or is carried to various orgms of the body, e.g., 
liver, lungs, ovaries, btmea or skull, where, losing its hooks it develops 
finst into an aoephalocyst, which may develop “ heads ” (.scolice.s) in it later; 
the.se heads wlien .swallowed by a dog, wolf or jackal, develop once more 
into adult worms. 

The c'y.sl after a short time ia seen to be composed of two layers : (1) 
a stviat.od ehitinous external layer, axul (2) a pareneJiymatous layer of two 
])ai'ts, a .suiierticial granular and a deeper cellular containing a water vascu- 
lar system and muscular fibres, 

Hoozi this inner parenchymatous layer becomes vosiculated and very 
granular here anil there, a small cavity fonns in which develops a scolex 
with a row of hooklels and four suckers. This may occur at several places. 
Thest; daughter oysts separate and go into the body of the main cyst. If 
any of these scoliees are eaten by the dog, etc., they develop into an 
adult tnizmvorm. 

.Sometimes a cyst remains single, and at otlier times it produces a large 
number of daugbter cysts {seen commonly in man). Sometimes the daugh- 
ter cysts are contained in fissures in the other layers, finally becoming free 
outside (seen in cattle — Ecchinoccus veterinorum). Sometimes many 
cysts appear wliieh are not connected together, called Echinococcus mul- 
tilocular; lastly uceasioiially in the liver, lungs and peritoneum of cattle 
a large oyat is found without anj^^ head or booklets in it. It is then recog- 
nised as a hydatid by the presence of the. ehitinous external layer and of 
a fluid with low specific gravity, containing albumen in it. 

This variety of cyst is known as an acephalocyst. 

It must be remembered that tbe daugbter cysts may give 
rise to grand-daugbter ones. 

Organs infected with tbe Echinococcus should be most 
carefully destroyed, so as to prevent dogs, etc.^ eating them. 


r 
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In a country where the disease is prevalent, the compa- 
nionship between man and dog should not be too intimate as 
man gets infected by using the same plates for food as their 
pet-dogs, or by kissing infected dogs. Dogs are very fond 
of licking their anus, and thereby transferring the ova to 
their mouth. 

Under no circumstances should dogs ever be allowed 
into a slaughter-house. 

All stray and ownerless dogs should be destroyed. This 
is a most important point in the prevention of the spread of 
this disease, and should never be neglected. 

Another member of the cestode class (though not trans- 
mitted by meat) is : — 

Bothriocephalus Latcjs. 

Bothriocephalus Latus is seen .frequently in Eussia, 
Sweden, Switzerland and Japan. It is rare in England. 
It is a very large worm and may attain 25 feet in length ; it 
is reddish grey in colour. 

The adult life is passed in the intestine of man, the dog 
and the cat. Its intermediate host is the common pike, 
the ling, the perch, and several members of the genus salmo. 

Description of the adult worm as found in man . — ^The head 
is long and narrow. There are no booklets, no rostellum 
and no suckers, but in place of the latter are two lateral 
slits or grooves like suckers. The proglottides number about 
4,000 and are sexually mature from about the 600th. They 
are short and broad. The genital pore is central and the 
uterus is rosette-shaped. 

The cystic stage is not fully known. The larvse which 
escape from the operculated eggs are ciliated and swim in 
the water for a long time, until eaten by certain fish fpike, 
perch, etc.), when the cilia and 6 booklets are lost. It is 
subsequently conveyed to man in his food. 
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Trichinosis (Nematode). 

Tlie disease is due to the presence of the Trichina spiralis. 
This parasite is found affecting man almost throughout the 
world, especially where much pork is consumed. The 
natural host would appear to he the rats and the disease 
is kept up by the habit they have of eating their dead. 
Pigs cat rats and perhaps portions of other infected 
])igs,, and finally man eats the pig. The Trichina spiralis 
in its adult stage, lives in the small intestine. Its larval 
stage is passed in the muscles. It is communicated to man 
by eating the llesh of pigs and the disease Trichinosis is due 
to the emigration of the embryo. Trichimie ])resent in the 
flesh of the })ig. if encapsulated, may be seen with the naked 
eye as small round white specks, but often a microscope 
is necessary. To prepare a section, take a thin slice of flesh 
place it in some liquor piotassie (1 in 9) and let it stand for 
a few minutes till the muscle becomes clear. The white 
specks stand out clear and the worm can be seen coiled up 
inside. If the cai^sule is too dense to allow the worm to be 
seen, add a drop or two of acetic acid. The cysts lie with 
their long axes parallel to the muscle fibres. The larva? 
in the muscle are about *6 to 1 m.m. in size ; they lie coiled 
up in an oval capsule, which is at first translucent but later 
opaque and perhaps calcified. At either end of the capsule 
are small fat globules. When the diseased flesh is eaten by 
man, pig or rat, the capsule is dissolved and the embryo is 
set free. The larvae develop in the intestine and become 
sexually mature in 2 to 3 days, and the female, after im- 
pregnation, produces about 1,000 eggs. In about one wpek 
these eggs set free small worms, and the male and female 
adult worms disappear. The adult male measures about 1 • 2 
to 1 • 5 m.m. and the adult female about 1 *6 to 2-0 m.m. As 
soon as born, the embryo trichina leaves the intestine and 
{via the peritoneum and connective tissues) in all directions 
penetrates to and lodges in the muscles, especially in the 
diaphragm and tongue muscles near their tendons. From 
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tlie time of ingestion of tlie food to the lodgment of the, 
worms in the mnscles, about two weeks elapse. Sometimes 2^ 
3 or 4 worms may be seen in one capsule. In 3 or 4 weeks 
these larval worms become fixed in their final position in 
the muscles and do not undergo any further development. 
The capsule gradually becomes thicker and may beconui 
calcified ; in man this may occur in about 4 to fi months, 
but in the pig, it may be delayed for many years. Once 
lodged in the muscles, the larvae may live for an indefinite 
number of years. Experimentally, one can infect guinea- 
pigs, rabbits and cats and, with difficulty, dogs. In the pig, 
trichinae, like the cysticercus, cause few, if any, symptoms. 
The animal may appear quite healthy and well noiirislicd. 

Mode of Infection.— The disease is conveyed by the 
ingestion of imperfectly cooked pork. If all parts of the joint 
are thoroughly cooked, the danger is perhaps remote. Salting 
and smoking are quite insufficient to afford protection. 

Symptoms, etc., produced in man.— A few days after eating 
infected pork, there is pain in the abdomen, loss of appetite, 
vomiting, and sometimes diarrhoea : the latter is by no 
means always constant, but it may be very severe. In ad- 
dition there may be general debility and pains in -^mrious 
parts of the body. Between the seventh and tenth day, but 
sometimes not till the fourteenth, chills may occur, but not 
commonly. There is generally fever, sometimes of an 
intermittent type and sometimes of a remittent type, pain 
on pressure and movement of muscles, accompanied liy 
swelling of the same and if the muscles of the jaws and of 
th6 larynx and pharynx are involved, there is some difficultv 
in mastication, deglutition and respiration. In severe cases 
the involvement of the diaphragm and intercostal mus- 
cles causes dyspncea which may prove fatal. (Edema 
may occur often early in the face and later in the extre- 
mities when the stiffness and sweUing of the muscles are at 
their height. There may be profuse sweating, tingling and 
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itching and occasionally Urticaria lias been seen. Tlie 
general nutrition is impaired and there is emaciation and 
Ansemia. The patella reflex is absent. The sufferer is 
usually conscious except in very severe cases when there 
is delirium, dry tongue and tremors as in Enteric Fever. 
Broncliitis, Pleurisy and Pneumonia may supervene and prove 
fatal. Tlie prognosis is variable, the mortality ranging from 
2 to 30 per cent In mild cases, recovery occurs in from 
10 to 14 days. In the more severe cases, it occurs in from 6 
to 8 weeks. The prognosis is more favourable in children, 
and when early diarrlima and moderately severe gastro- 
intestinal disturbances are manifested. Constipation is 
unfavourable. The most important diagnostic points are 
the pains and swellings in the muscles, the presence of oedema 
and the shortness of breath. 

Tricliinosed flesh should invariably be condemned. In 
the pig the capsules are specially to be seen in the tongue, 
diaphragm and intercostal muscles. 

Preseryation op Food. 

The preservation of perishable food is of very 
ancient origin, but the science of Bacteriology has helped us 
to improve and perfect the old methods. The use of sugar, 
salt, vinegar and smoke are old domestic methods. For- 
merly chetuicals which have a deleterious effect were used 
blindly and liberally to preserve any foods, even those in a 
state of decomposition. The object of preservation should be 
to keep the food in as fresh a state as possible, without 
diminishing the nutritive properties and without adding or 
producing any injurious effects. The principal object of 
preserving food is to make it available in times of scarcity, 
and for exportation to places where it is scarce. 

The usual methods adopted are cold, drying, salting, 
smoking, heat and exclusion of air by tinning, and the use 
of chemical substances. 
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Refrigeration and sterilization are the best methods of 
preserving food as they cause comparatively little alteration 
in it. 

Preservation hy Cold . — This can be done in two ways, 
either (1) by freezing the foodstuffs and keeping them 
so ; or (2) by keeping them in a chamber the temperature 
of which is at or just below freezing point. Cold does 
not kill but only hinders or prevents the growth and 
multiplication of bacteria. The effect will vary with the 
temperature. While pathogem’c bacteria do not develop at 
the low temperature of the refrigerator, many saprophytic 
bacilli and moulds may do so at 0°C. Refrigeration is one 
of the best methods of preserving foodstufis, and it is pos- 
sible by it to transport fresh and wholesome food from and 
to the tropics. 

Frozen meat is often very tender and of excellent 
quality, though sometimes it is lacking in flavour. The juice 
is less abundant and less red in colour than that from fresh 
meat, and, according to Maljean, the corpuscles in the juice of 
the former are more or less distorted in form and decolorised. 
Bacteria in general, offer great resistance to cold, which, 
while not killing them, prevents their development; this 
at any rate is more particularly the case in regard to the 
putrefactive bacteria. The flesh has a uniform pink appear- 
ance and the fat is not stained. Refrigerated meat can 
be recogmsed by the fact that the fat is pinkish in colour, 
while the surface of the meat presents a dull appearance. 
When frozen meat thaws, there is much oozing of fluid, the 
flesh has a parboiled appearance and the fat has a deadl}?" 
white colour. It is important, especially if the piece is 
a large one, to ascertain the condition of the interior, as the 
outside may be apparently aU right and yet the interior be 
decomposed. This can be done by inserting a knife or thick 
skewer and, on withdrawal thereof, noting the presence or 
absence of any ofiensive smeU. This should be done especi- 
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ally in tlie nciglibourliood of joints and bones, as putrefaction 
sets ill early there. In cold storage plants, moisture condenses 
on the surface of the articles stored and in the case of meat 
the water will dissolve some of the proteins, extractives 
and salts and form a nice mediiun for the growth of bacteria. 
It is, therefore, desirable that meat should be first dried in 
a current of dry air which will desiccate the surface and 
prevent the inward growth of bacteria from the surface. 

On removing the cloth, in which refrigerated meat is 
wrapped, a disagreeable smell may be noticed. The meat 
should not be too hastily condemned on this account, as the 
smell may be due to the wrapper and not to any deeper- 
seated trouble. Klein has published a report on the 
nature of the black spots occasionally seen on chilled beef. It 
appears that the meat shipped to England from the Argen- 
tine occasionally develops circular black spots which may 
be in groups or isolated. On the lower or thin parts they 
are seen in the fascia, and on the thick parts, in the fatty 
portions and in the fat belonging to the inner surfaces of 
the flanks. According to Klein, they are due to a mycelium 
of a fungus of the natiue of an odium, which he has proposed 
to call Odium Carnis. It forms oval gonidia either by short 
lateral branches of the free hyphse or along and at the ends 
of the superficial threads in the fatty tissues. The oval 
gonidia are capable of multiplying in the manner of yeast 
ceils. He is of opinion that the material of the black spots 
is harmless to the animal body, a view which is confirmed 
by direct experiment ; further, that the presence of the 
mycelium does not in any w^ay alter the normal character 
of the tissue elements themselves, either those among which 
the mycelium is situated or those beyond its extension. 

Preservation hy Drying. — Dr3dng, dessication, or 
evaporation is an old and advantageous method of 
preserving food. It can be applied to meat, vegetables, 
milk, nuts, eggs, and to almost every variety of watery 
food. The effectiveness of drying depends on the degree 
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of dehydration. With the elimination of water, micro- 
organisms have no moisture for growth and development 
and hence the keeping quality of the food is improved. 
The reduction in weight also facilitates handling and distri- 
bution. Most dried foods are cooked before eating and 
hence this is a further sanitary safeguard. Each food 
must be dried by a process best suitable for it. The primitive 
method of sun drying has now been replaced by drying in a 
current of dry warm air, or on heated and revolving metal 
drums, or in vacuo. Drying has little or no eSect on. tlie 
vitamins, unlike oxidation. Yitamin A and B are unaffected, 
and dried milk can be a source of Yitamin A. Yitamin 0 is 
however, affected, and a diet of dried foods may give rise to 
scurvy. Dried meat can keep for a long time but loses its 
natural flavour. 

Presermtion hy Salting . — Salt acts by removing water 
from the flesh and also as a mild antiseptic. As it frequeiitl}’ 
causes discoloration, potassium nitrate (saltpetre) is added 
in the proportion of 1 part of saltpetre to 32 parts of salt 
and 2 parts of sugar (Brine). Sugar is added in order to 
hinder putrefaction. Care should be taken not to add too 
much, as evidence exists to show that saltpetre has the 
power of inducing irritation and inflammation of the mucous 
membrane of the intestines. The nutritive value of flesh 
when salted is lessened. One must examine the meat very 
carefully to see if it has gone bad, which occurrence would 
be indicated by the meat being paler than usual, with green 
patches here and there, and the presence of an unpleasant 
smell. Streptococci, Tubercle bacilli and the spores of 
Anthrax can retain their virulence for months in salted 
flesh. 

Used brine is sometimes poisonous, due apparently to tb e 
products of the decomposition of animal substances which 
have passed into it. This occurs in cases where the brine has 
been used for several relays of meat. 
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Instead of curing meat by placing it in brine, tbe same 
object can be effected by what is known, as dry salting. In 
this the flesh is treated by repeated applications of salt 
and saltpetre to the external surface. Klein discussed 
the nature and cause of taint in miscured hams. The 
hams examined were dry-ciired only, no other method of 
salting, injection or pickling in fluid being used. The hams 
had a distinctly ]nitrid smell, the muscles were more or less 
discoloured, in the slightly tainted part the characteristic 
red tint of well-cured muscle had given way to a pale or 
dirty grey tint, while in the strongly tainted parts the colour 
was dirty grey to green and, moreover, the muscle tissue 
was swollen and soft like jelly. On microscopical examin- 
ation, small linear clumps of tyrosin crystals were found, 
many being seen near blood vessels. The muscle fibres 
had lost their transverse striations, and contained numerous 
empty spaces (gas bubbles). These all indicated putrid 
decomposition of the protein constituents of the muscle. 
The reaction was alkaline to litmus. In all cases, the 
decomposition was most pronounced at and around the 
knee. The taint started here and gradually progressed 
towards the femoral and gluteal regions. In badly miscured 
hams, the condyles of the femur, patella, condyles of the 
tibia, crucial ligaments, semi-lunar cartilages, connective 
tissues, tendons and muscles adjoining the capsule were green 
and very putrid to the smell. The essential cause in all 
hams exaiiiinetl was one and the same species of a cylindrical 
microbe, found in great numbers in the tainted part and 
proportionate in number to the degree of taint. All the 
aflccted parts contauied the organisms. The free surfaces 
of all parts within the articulation were covered with a slimy 
moist film which, when examined under a microscope, was 
seen to be composed of a continuous mass of the microbe 
which had been named the Bacillus Fmdans. 

Preservation hy Smoking . — The smoking of meat, fish, 
ham and other products is efiected by submitting them to 
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tlie smoke of a smouldering wood fire usually after a pre- 
liminary salting. This method acts mainly by reason of 
its drying efiect, and to a less extent on account of 
the antiseptic action of some of the constituents of smoke 
viz., acetic acid, creosote, formaldehyde and other germicidal 
substances. As the penetrative effect of smoke is not deep, 
putrefactive changes may occur in the interior. Smoke does 
not kill many of the bacteria but only retards their 
development. Subsequent to smoking certain articles now 
appear to be subjected to an artificial colouring process. 

Sterilization hy Heat . — Steam is used to sterilise food- 
stuffs which are placed in cans, or in glass or earthenware 
jars. Canned foods come in handy not only during 
voyages or war, but in our homes when food cannot 
be prepared at the spur of the moment. In the process 
of canning the material is placed in the can and the 
lid is soldered on. The small blow-hole in the centre of the 
lid is then soldered and the can is placed in a steam retort 
(116° C.) for an hour or two. The can is then removed and 
the solder seal quickly melted off to allow the expanded gases 
to escape and then resoldered. In recent years fractional 
sterilisation has been adopted whereby the cans are given 
a second and even a third heating after twenty-four hours 
in order to kill the bacteria developing from the resisting 
spores. Provided wholesome food is used and the process 
of sterilisation is properly conducted, the cans should keep 
well for a long period. 

The various causes which may lead to the spoilage of 
canned food are; (1) the unwholesomeness of the original 
food, (2) defects in the can, (3) uncleanliness in preparation, 
(4) carelessness in seahng, (5) imperfect sterilization result- 
ing in decomposition of the material. 

Poisoning as the result of eating tinned foods may 
arise, due to (1) the decomposition of the flesh owing to 
imperfect sterilization or incomplete sealing of the tin, (2) 
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the flesh having been poisonous originally as is sometimes 
seen in fresh flesh from exhausted animals and certain fish, 
(3) the use of chemical preservatives, (4) the addition of 
harmful colouring matter, (5) metallic contamination due to 
the solution of tin, lead, and even arsenic from the tin or 
solder. 

The most dangerous tinned foods are those containing 
much moisture, for example: Milk, salmon, lobster, and mix- 
tures of meat and vegetables. The simpler the preparation 
the better does it stand the climate. Beveridge states that in 
warm climates no tinned meat stored in the open, exposed 
to varying temperature and the sun and the rain, should be 
Ice.pt for more than one year. 

The cans should be properly coated inside with tin and 
there should be no flaw visible with a magnifying glass lest 
the iron should rust through and form a tin-lead, or iron-tin 
cou])le which wdth the acid juices may cause a galvanic 
current. Potassium Ferrocyanide solution will show a 
bright blue preci])itatc with the exposed iron if even a pin 
hole flaw is juescnt. Tiie tin should not contain more than 
one per cent, lead, and the use of terne-plate (two of tin and 
one of lead) should be prohibited. The solder on the outer 
side should not have more than 1 per cent, of lead and 
should be kept entirely on the outside and not allowed to 
get in. For preserved fruit in acid juices (e. g. vinegar, 
plum and asparagus juice) the can should be lacquered inside. 

A tin, the contents of which are sound, usually has 
concave surfaces owing to the partial vacouum caused during 
sterilisation and emits a dull sound on percussion. In 
damaged cans gases, due to decomposition, press on the 
lids and make them first flat and then convex on the outside. 
Percussion will then yield a hollow sound. The tins can be 
tested by puncture under water, when with good tins the 
water will be sucked in, whereas if the tin is slightly blown 
or bulged a few bubbles of gas due to putrefaction will 
escai)e. 
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The tins may bnlge due to (1) decomposition of the contents 
and the form^ition of gases, (2) rough handling of the tins, 

(3) the freezing of the liquid and semi-liquid contents, 

(4) gases formed by the electrolytic action between the metals 
and the acids formed by the growth of bacteria e.g. in milk. 

Dented tins may be passed, if they are intended for 
early consumption ; otherwise,' if kept too long, they are 
apt to rust and perforate and so prepare the way for the 
decomposition of the contents. 

Re-soldering of tins is indicative of the tins having been 
tapped to allow the aecumulated gases due to decomposition 
to escape, and then resealed. Two solder points are, there- 
fore, suspicious but some manufacturers find it more conve- 
nient to make a second blow-hole to let ofi the gases during 
the process of canning, rather than to open up the original 
solder. Fraudulent dealers may melt the solder on the 
original blow-hole and then renew it and thus avoid any 
clue. A splash of solder on the tin may resemble a second 
solder point. The presence of moulds is sufficient to condemn 
the contents, because, even if not definitely harmful in 
themselves, they indicate faulty sterilisation and, moreover, 
they impart an unpleasant taste to the contents, and may 
cause diarrhoea. 

Metallic tin, lead, rarely arsenic, copper, or zinc have 
been obtained from the juices of preserved fruit. Metallic 
tin may be dissolved by the organic acids of preserved fruit 
and vegetables or by oil in camied sardines and lobster.s 
and should never be allowed to exceed 2 grains per pound, 
A flaw in the tin may cause an iron-lead couple to be formed 
which will lead to further solution of tin. The tin coating 
will he found discoloured in patches. 

A few instances of poisoning have been recorded where 
15 to 20 grains to a pound of tin were detected. Metal is 
more likely to be taken up by the acid foodstuffs e.g. jams, 
fruits, and vegetables. On opening certain tins, e.g., of 
marmalade, rhubarb, tomato soup, etc., a black appear- 
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ance may be noticed ; tbis is due to tlie acti^in of the yegetable 
acids on the tin plating : if only slight, and \tliere are no 
fermentative changes present, it may be neglected. 

Lead may be dissolved from the solder or var:^ish used 
in painting the inside of the tins. Cans with only one joint 
ajid a solder trap which prevent the possibility of ^Ider 
entering into the can are sometimes now used. G-lass dbn- 
tainers witli air-tight metal caps and rubber washers are 
very advantageous for preserved fruit as they are free fronv 
tin and lead, but the heat for sterilisation must be lower to' 
avoid breakages. 

Even in the absence of pathogenic bacilli in canned 
meat and fish, certain spores which are extremely resistant 
to heat e.g., B. Cadaveris, which have withstood the process 
of sterilisation may be present. They remain inert for a 
long time, but when stored in a room at a temperature of 
98° F. they may develop and decompose the meat and render 
it unfit for human consumption. It is therefore recom- 
mended that the temperature of sterilisation should be 245° F. 
Savage found that canned meat and fish often contained 
sporing aerobic bacilli and micrococci derived from the original, 
material. The absence of oxygen hmdered their develop- 
ment. The conditions under which such food eventually 
decomposes would depend on the nature and degree of bacte- 
rial contamination, the access of air, the efi&cienoy of steri- 
lization, and the temperature of the air where the cans are 
placed. Cans which have been passed as good by the manu- 
facturers may therefore go bad after some months on account 
of the temperature of the air. Canned tins should bear the 
name of the manufacturer, the date of manufacture, and a 
warning that the contents should be eaten on the daj^of 
0 ]iening as subsequently bacteria may develop and form 
toxins. 

In selecting tinned articles, only those contained in tins 
of good quality and hearing the name of the maker should 
be chosen, as poor quaHty tins usually contain bad material. 
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No chemical tests are of any practical use, but acid juices 
and oily liquids should be examined quantitatively for tin. 
General physical signs may afford some clue of early decom- 
position. The odour may be changed, there may be loss of 
firmness or resistance to pressure, and there may be a change 
of the natural colour and increased opacity of the liquid 
The tin coating may also be discoloured in patches. 

Preservation by Means of Chemical Substances . — The 
chemical preservatives most commonly used are Borax 
and Boric acid. Salicylic acid and Salicylates, Benzoic 
acid and Benzoates, Formaldehyde (a 40 per cent, solution 
of which is sold as Formalin), Hydrofluoric acid and Sodium 
fluoride, Sulphurous acid and Sulphites. Besides these 
there are certain others, viz., Sugar, Salt, Vinegar, Spices, 
etc. which are not regarded as chemicals but as natural 
preservatives or condiments. 

The preservation of food by chemicals used formerly on 
a very large scale is at present on the wane, as laws pro- 
hibiting their use are being enforced everywhere. In the small 
quantities they are used in foods, they have little or no germi- 
cidal power but act as antiseptics, restraining the growth 
and development of bacteria and moulds. The chief reason 
adduced against the use of preservatives is the ill-effects on 
health of the daily ingestion of small quantities of these 
chemicals. Some of the chemical preservatives in use are 
known to produce in large doses injurious symptoms such 
as headache, vomiting, loss of appetite, diarrhoea, albumi- 
nuria, depression, skin eruptions, etc. Though it is unlikely 
that such symptoms of acute poisoning are likely to result 
from the small amounts taken in food, yet the prolonged 
us%of such preservatives may insidiously bring about dys- 
pepsia, flatulence, diarrhoea, renal derangement, wasting 
and general impairment of health. A small amount daily 
in several foods will mean the consumption of considerable 
quantity in the course of an ordinary day’s diet. Thus 
though the amount present in any particular food may not 
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derange healtli, the total amount taken in various articles 
of a meal may do so. Moreover the addition of preservatives 
not only facilitates the careless and improper methods of 
food production but renders it possible to preserve food 
in an incipient stage of decomposition for some time with 
a false appearance of freshness and wholesomeness. 
The irritant effects of a preservative which may be of not 
much consequence to a person in normal health will affect 
adversely an invalid specially one with gastro-intestinal 
or kidney complaints. The question of idiosyncrasy -which 
is a peculiar susceptibility of certain persons to drugs 
has also to bo remembered specially on account of the 
accumulative effects of some preservatives. 

Those wdio are in favour of the use of chemical antiseptics 
maintain that: (1) much food would go to waste without 
their use, (2) the injury arising from the consumption of 
fermenting and decomposing food would be much greater 
than the ingestion of the chemicals used to check such dete- 
rioration, (3) there is as much evidence of the harmlessness 
of these agents as of their harmfulness. None of these 
arguments are of much weight and the Departmental Com- 
mittee in England on the use of Preservatives and Colouring 
matters in Food, in their final report after due consideration 
of the effects of the various preservatives on the consumer 
and of their relative harmfuhiess, have reported that the 
use of the preservatives should be prohibited except in a 
few cases. With appropriate care in preparation of food- 
stuffs, the apphcation of two efficient and wholly unobjec- 
tionable processes of preservation of food, viz., refrigeration 
and sterilisation by heat, and improved methods of transport, 
storage, and distribution, the use of preservatives except 
in few cases, is unnecessary. The Departmental Committee 
have classified preservatives into three groups according 
to their relative degrees of undesirability :~ 

Group I. Formaldehyde and its derivatives ; hydro- 
fluoric acid, its salts and derivatives. 
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II. Boron preservatives, salicylic acid and its 

salts. 

III. ' Benzoic acid, sulpliiirous acids and their 

salts. 

Group III is supposed to be the least harmful and in 
such cases where the use of preservatives is imperative only 
those in the last group are recommended. 

Formaldehyde was formerly used very largely for pre- 
serving milk and other foodstuffs but is most objectionable 
and is now prohibited. It is a powerful disinfectant and 
irritant and by retarding the digestion of proteins by the 
gastro-intestinal juices may cause dyspepsia and disturbances 
of digestion. Schryver found that formaldehyde could be 
recovered not only from the various parts of surface of the 
meat, but also from parts below the surface, especially where 
the muscles had not been covered by connective tissue or fat. 
He found that boiling and roasting appeared to reduce or 
even remove the - formaledehyde ; grilling however appeared 
to make it penetrate further into the substance. Articles 
like mincemeats, fish, kidneys, etc., which expose a large 
surface in proportion to weight, cannot be exposed to fumes 
in formalin safes without absorbing relatively large quantities 
of the drug. 

Boron compounds are the most commonly used for all 
the preservatives. Boric acid and borax are very largely 
used for preserving butter, cream, margarine, sausages, 
potted meat and fish and some beverages. The amount 
used varies from a trace to 35 grains per pound (0-05 per 
cent.) but excessive amounts up to 175 grains have been 
detei^ed in butter, bacon and margarine. Much conflicting 
evidence exists in regard to the influence of boron compounds 
on health. In some individuals quite small doses may 
produce gastric irritation, and albuminuria specially in those 
with bad kidneys. Experiments of Heffter, Sonntag and 
Host show that small doses of Boric acid can, produce irri- 
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tation of tlie alimentary canal. As Boric acid is excreted 
more slowly than absorbed, it is liable to accumulate in the 
system and cause decreased absorption of fats and nitro- 
genous substances. The Departmental Committee have 
prohibited the use of Boric acid in any foodstuffs, and its 
prohibition is well justified. 

Salycilic acid and salycilates have been found in beer, 
wines, milk and non-fermented beverages and cordials and 
coffee extracts. They are rarely used in solid foods, though 
they have been detected in sausages. The amount required is 
about 5 to 8 grains per pint. The objection to the use of 
salycilates is that they cause both the acute and chronic 
types of i^oisoning specially in the case of aged, feeble and 
susceptible persons. Prolonged use may give rise to loss 
of appetite, diarrhoea, skin eruptions, irritation of kidneys 
and mental depression. Their use is prohibited. 

Benzoic acid and benzoates are considered the least 
harmful of the preservativCvS and are placed in group III 
together with sulphites. Benzoic acid is permitted in cofiee 
extracts up to three grains per pound, in non-alcoholic wines 
and cordials, and fruit juices up to 5 grains per pint, and in 
sweetened mineral waters and brewed ginger beer up to one 
grain per pint. 

The human organism is capable of rendering harmless 
a relatively large amount of Benzoic acid. Very large doses 
may set up digestive troubles but in the experitnents, Chit- 
tenden failed to prove any deleterious action on persons 
in health, of doses larger than are likely to be present in food. 
It is possible that they may affect adversely invalids and 
those with gastro-intestinal and kidney complaints. ^ 

Sulphurous acid and sulphites are largely used to pre- 
serve beer and alcoholic wines and to some extent non- 
alcoholic drinks, fruit and fruit juices, dried fruits and 
sausages. In meat shops they are applied as a wash to the 
surface of the meat by butchers and some poultry dealers. 
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la the case of wines and frait juices besides being actually 
added in the course of manufacture, the vessels of prepara- 
tion and storage are treated with them. Though Sulphurous 
acid and sulphites cannot be regarded as harmless as they 
may cause dyspeptic symptoms, mvestigations have shown 
that in the amounts employed in foods they have no specific 
toxic action and may be therefore regarded as the least 
harmful of preservatives, the greater part being converted 
into harmless sulphates during and after absorption. 

Sulphur Dioxide is permitted in sausages in amounts 
not exceeding 3 grains per pound, jams 3 grains per pound, 
dried fruits 7 grains per pound, beer and cider 5 grains 
per gallon, alcoholic and non-alcoholic wines and cordials, 
fruit juices 3 grains per pint and fruit pulp 5 grains per pound. 

Artificial Colouring Matters . — Artificial colouring mat- 
ters are used extensively in the preparation of food for sale. 
Confectionery and sweetmeats, butter, margarine, biscuits, 
jams, jellies, canned peas, non-alcoholic wines, cordials and 
mineral waters are articles which may be coloured artificially. 
The colours used may be considered under three groups : — 

(1) Pigments— e.gf., Armenian Bole and similar com- 

pounds of iron used in colouring sausages, anchovy 
paste, potted meat and sweets. 

(2) Natural organic colours— e.^., annatto, saffron, cara- 

mel, cochineal, gamboge. Some of these dyes are 
combined with metallic salts to form lakes. 

(3) Synthetic dyes of coal tar origin of which there are 

a large number, 

JUhe few pigments and natural organic colours used 
noivadays are harmless and may be permitted for colouring 
food provided they conform with the standards as regards 
arsenic and metaUio contamination. Poisonous inorganic 
substances are prohibited. Sweets and confectionery are 
often coloured yeUow by compounds of barium, arsenic. 
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antimony, and lead ; compounds of arsenic and copper are 
used to give a green colour, or compounds of Barium and 
Zinc to confer whiteness, and Prussian Blue to produce a 
blue colour. 

Grrapbite is occasionally used to improve the colour of 
tea and pepper corns ; turmeric, oxide of iron, prussian 
blue, and caramel are used to colour tea and coffee. 

Copper sulphate is used to give an artificial green colour 
to peas and other vegetables like spinach, haricots, etc., 
which have ^Dartly lost their colour naturally, or in the pro- 
cess of canning. The vegetables are boiled in a solution of 
copper sulphate of necessary strength before canning. The 
copper salt penetrates into the tissues and forms a stable 
copper compound which imparts the necessary colour. 
Recent experiments have shown that the administration of 
copper in small doses over a large period may give rise to 
Cirrhosis of the liver, and Sclerosis of the pancreas. The 
addition of copper salts to vegetables is therefore, prohibited. 

The Departmental Committee suggested that no colour- 
ing matter used for the preparation of food should contain 
more than gr. of arsenic per pound, or 20 parts per 
million of lead, copper, or zinc. 

The Ministry of Health of England disallow any com- 
pounds of any of the following metals : — antimony, arsenic, 
cadmium, cliromium, copper, mercury, lead and zinc. Amongst 
vegetable colouring matters gamboge is prohibited. 

As regards the synthetic dyes great care has to be exerted 
in their choice as many are knovm to be of a toxic character. 

It has been argued that in view of the very small quan- 
tity of the dye (about 1 part in 12000 or more) in any food 
no serious effects would be produced unless the toxicity was 
very marked, but as many of these dyes have great antiseptic 
properties in very weak solutions they may possibly have 
a deleterious effect even in such minute quantities. 
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The Ministry of Health have permitted the use of Picric 
Acid, Victoria Yellow, Manchester YeUow, Auraiitia, and 
Auriii among the coal tar colours. 

Cooking ok Food. 

Cooking improves the appearance and flavour of food, 
thereby increasing its palatabihty. 

As the effect of heat on proteins is to coagulate them 
at about 170°F., the digestibility of animal foods is diminished 
rather than increased by cooking. The digestibility is how- 
ever indirectly increased by the increase in flow of the gastric 
juice produced by the attractiveness and flavour of cooked 
food. The effects on the proteins of vegetable food are 
exactly the same, but the digestibility of vegetable foods is 
increased by cooking as dry heat converts the starch into a 
soluble form (dextrin) and moist heat causes the starch gra- 
nules to swell up and ultimately to rupture their cellulose 
envelopes. The fats of food are not so much affected unless 
the temperature is very high and the fats are decomposed 
with the liberation of free fatty acids. \ 

When meat is cooked, there is concentration due to 
the evaporation of water, and there is loss of extractives 
and salts. The effect of heat and moisture on meat is to 
convert the connective tissues into gelatine, so that the 
fibres separate and the meat becomes tender. 

When vegetables are cooked there is an increase in 
bulk due to the absorption of water, but the loss of salts is 
sometimes very considerable. 

Great care must be taken in the choice of pots and 
utensils. Iron, tin, nickel and aluminium ware are the best. 
The glaze of enamelled ware should not contain any lead 
which is soluble in acid. Copper vessels must be tinned 
internally, on account of the possibility of organic acids 
dissolving the copper. Modem gas and electric stoves are 
convenient, and clean, and have no dust, ashes, and dirt 
like the coal cooking range. 
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Boiling. — In boiling a joint tbe flavoury constituents, 
viz., extractives and salts which are readily soluble in water 
should be retained. This can be achieved by using as small 
a quantity of water as possible and secondly by plunging 
it first into boiling water for a few minutes whereby an 
impenetrable layer is formed on the surface by the rapid and 
complete coagulation of proteins in the fibres of the meat, 
and the remainder of the cooking should be continued at 
a temperature below 170° F. 

In making a good soup the, meat is placed in cold water 
and gradually heated so that the extractives pass into the 
water. 

Boasting. — The heat is conveyed by direct radiation 
inst&ad of through water. The joint should be exposed to a 
high temperature at the outset to coagulate the proteids 
on the surface and thereby effect a sealing of the surface to 
prevent the loss of extractives and salts. The temperature 
is then lowered and the roasting continued at 180° to 200° F. 
If properly performed not only can the escape of natural 
flavour of meat be prevented but certain changes are pro- 
duced in the extractives analogous to the change of sugar 
to caramal. 

Stewing. — In stewing meat is placed in cold water and 
gradually heated to 180° F, but if heated to a higher tem- 
perature the meat becomes tough and unpalatable. As the 
gravy is eaten with the meat there is no loss of extractives 
and salts. 

Feying. — In frying fish is placed for a few minutes in 
oil or fat {e.g. Olive oil, sweet oil, etc.), heated to a very high 
temperature about 350° F. The sudden exposure to heat 
coagulates the proteins on the surface with slight charring, 
and the flavour and juices are thereby retained. The high 
temperature almost instantaneously cooks the fish through 
its whole thickness. 
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Food Poisoning. 

Food poisoBing is an acute illness caused by tbe cou- 
sumption of unwholesome food. It may be due to : 

(1) Food infection— The contamination of food with 

bacteria of the Salmonella group, e.g., Bacillus 

Enteritidis (Gaertner). 

(2) Food toxaemia— the contamination of food with pre- 

formed toxins of Bacilli. e.g„ B. Botulinus. 

(3) Natural toxic properties of food. 

(4) Metalhc contamination, e.g., with tin, arsenic, lead. 

(5) Harmful colouring matter and preservatives. 

(6) Fermentation and putrefaction. 

food Infection.— Barskge and White in a study of food 
infection due to organisms of the Salmonella group have 
recognised the following types :~B. Enteritidis (Gaertner) 
B. Aertrycke, B. Suipestifer, and certain varieties designated 
“ Derby ” “ Stanley ” and “ Newport”. 

Such cases were formerly misnamed ptomaine poisoning 
on the behef that the symptoms were caused by ptomaines 
produced from bacterial decomposition of the proteins in 
food. Neither B. Proteus nor B. Vulgaris, the microbes of 
putrefaction, nor B. Coli are the causative organisms of food 
poisoning. The great majority of the out-breaks are due 
fco the consumption of tinned meat and fish, but fresh meat, 
milk and milk-products, fresh and preserved food and vege- 
tables, etc. have also been responsible. The flesh of cattle 
and hogs sufiering from septicaemia, septic pyaemia, puer- 
peral fever, or a local suppuration due to the bacteria of the 
Salmonella group is usually the source of infection. 

Healthy carcasses in a slaughter house may be infected 
through the hands of butchers who have handled infected 
meat or through the knife or other instruments. Such 
infected meat usually presents no alteration in appearance, 
taste or smell which would enable one to consider it as dan- 
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geroTis. Cooked or uncooked meat may also be infected by 
rat, or mice as they may be carriers of B. Suipestifer and 
Enteriditis or tbrougb contact with bacterial viruses like 
B. Typhi Murium used against rats. 

The flesh of animals suffering from septic or pyaemic 
lesions either general or local should, therefore, be condemned. 
The condition may be detected ante-mortem or post-mortem. 
Great care must be taken for the disinfection of hands by the 
butchers and the sterilisation of instruments to prevent the 
infection spreading from one carcass to another. Every 
care must be taken to prevent contamination from rats 
and mice. 

Incubation period is usually six to twelve hours but 
may vary from half an hour to two days or more depending 
on whether the toxins were preformed in the meat or formed 
in the body after consumption of the food. The symptoms 
are those of a severe gastro-intestinal irritation characterised 
by nausea, vomiting, diarrhcea and severe griping pains 
and accompanied by acute nervous prostration, restlessness, 
cramps, rigors and collapse. Skin eruptions and albuminuria 
may be present. The symptoms may vary in severity 
according to the virulence of the strain of bacilli, dose and 
the susceptibility of the patient. 

The post-mortem appearances are slight as compared 
with the severity of the symptoms. The mucous membrane 
of the gastro-intestinal tract may be swollen and congested 
and show heemorrhages. 

The infectivity rate is high, but the case mortality is 
low being about one per cent, when due to B, Aertrycke due 
to the low invasive form of the latter, but high in the case 
of B, Gaertner, Meat poisoning is common in summer, as 
the higher temperature favours the multiplication of the 
bacilli and the formation of the toxins. Those who eat the 
food soon after preparation may be less affected than those 
who consume it after a long interval as it will afford time 
in the latter case for the formation of toxins. 
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Food Toxcemia—Botulistn (sausage poisoning).-— Botu- 
lism is a specific toxaemia due to tlie contamination of food 
with. B. Botulinus and its toxins. The bacillus itself is a 
harmless saprophyte but it grows in a large variety of 
food-stuffs, both animal and vegetable, and produces a 
toxin in the food. The toxin is very poisonous, 0.000001 
c.c. being sufficient to kill a guinea pig of 260 grammes 
weight in three or four days. Not much reliance can be 
placed upon odour and appearance to suspect the presence 
of the toxins in food. This form of poisoning has been 
caused by eating sausages, potted meat, tinned fish, pre- 
served beans and fruit. The period of incubation may 
vary from a few hours to three days, the shorter the incu- 
bation period the greater the severity of the poisoning. 
When the incubation period is short there is usually no 
acute gastro-intestinal irritation as in the case of the 
poisoning with B. Enteritidis. The symptoms are chiefly 
those of intense nervous prostration, disturbances of vision 
(Ptosis, diplopia, nystagamus, dimness of vision) dizziness, 
difficulty in swallowing and breathing. There is no fever 
or pain or any sensory disturbances, and the mind is clear. 
The case mortality is high (sometimes even 100 per cent.). 

An anti-toxin prepared by injecting increasing units 
of the toxins into horses is eflective both as a prophylactic 
and as a curative. 

Naturally Toxic Food , — Some fish normally contain a 
poisonous toxin injurious to men. Certain shell-fish cause 
violent gastro-intestinal irritation and urticaria. Mussels, 
crabs, shrimps, salmon, and sardines have all given rise to 
poisoning symptoms. Certain Eungi (Ammanita phalloides) 
and Lactaria torminosa are poisonous. Muscarin is believed 
to be the toxin of mushroom poisoning. Potatoes may 
contain a large amount of poisonous substance (solanin) due 
to the decomposition through a Proteus bacillus. Milk, 
cream and cheese may contain rarely Tyrotoxicon, due to 
fermentation, which may give rise to symptoms akin to 
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atropine poisoning. Ergotism is disease produced by the 
prolonged use of bread of rye and other grain contaminated 
with ergot a parasitic fmigus, Clavicejos purpurea, of grain. 
Lathyrisni or vetch poisoning is due to eating bread from 
meal containing the seeds of Lathyrus sativus used as a 
partial substitute of wheat. The nature of the poison is 
supposed to be toxalbumose like ricin and abrin. Certain 
plant foods, e.g.^ tomatoes, strawberries etc. may cause 
allergic symptoms like urticaria iix susceptible persons. 

Metallic Poisoning. — ■Poisoning symptoms may be 
traced to the presence of tin, lead, copper or arsenic in food. 
Arsenic has been foimd in beer, sweets, sugar, wines or the 
enamels of utensils used for cooking. Apples have been 
sprayed with arsenic compounds .to protect them from 
nisects. Copper sulphate has been used for colouring 
vegetables green, and tin and lead have been found in 
preserved foods. 

In investigating a case of food poisoning accurate and 
detailed notes must be taken of the history and symptoms 
of all cases. Every article of food consumed must be noted 
down and by a process of exclusion, suspicion laid on certain 
foods taken in common by the persons attacked. All avail- 
able material of suspected food and vomit, excreta, etc. of 
patients, and when post-mortem had been held, pieces of 
the internal organs must be preserved for chemical and 
bacteriological examination. Risks of contamination in 
preparation, storage and transport must be inquired into. 
Feeding experiments on lower animals, and agglutination 
tests with the patient’s serum and cultures of organisms 
isolated and suspected will have to be done. 

Fermentation and Putrefaction. —Decomposition 
may arise through fermentation or putrefaction. Fermen- 
tation is the breaking down of carbohydrates with the 
formation of lactic, acetic, butyric acids, alcohol and carbon 
dioxide. Putrefaction is the decomposition of organic 
matter, generally protein, due to the bacterial action. By 
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the action of certain aerobic and anaerobic bacteria they 
are decomposed, the end products of putrefaction being 
Ammonia, Carbon Dioxide, nitrates, Sulphuretted Hydrogen 
etc. which are not poisonous. It is the intermediate 
products of putrefaction known as Ptomaines which may 
be poisonous, e.g., methylamin, sepsin, putrescin, muscarin, 
neurin, etc. Some ptomaines are poisonous being physiolo- 
gically active while others are inert. 

The majority only contain C, H, and H and are amino- 
substitute compounds. Those having oxygen are more 
active. Hone of them is actually poisonous, when taken by 
the mouth, and even the active ones do not produce nausea, 
vomiting, colic and diarrhoea. 

In putrefaction the flesh softens and tears readily offering 
less resistence in some parhsMJiail i hi others. The colour, 
changes gradually and ultimately becomes greenish- and a 
characteristic odour is emitted. 

The term ptomaine poisoning is hardly ever used 
nowadays as most cases of poisoning believed to be due 
to ptomaines are now found to be due to bacterial infection. 

Pood Adulteration. 

• Pood adulteration is extensively carried on in India. 
In order to prevent the adulteration and sale of such articles 
in Bombay, the Prevention of Adulteration Act has been 
in force since 1925, and similar acts have been passed all 
over India. 

Pood may be adulterated fraudulently, or it may be 
technically required to treat it in a particular manner to 
prepare it as an article of commerce in a state fit for carriage 
or consumption'. 

Pood may be adulterated by : — 

(1) The removal of nutritive or essential constituents, 

(2) The addition of non-injurious and cheaper substances 

so as to increase its bulk. 
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(3) Substitution of cheaper articles. 

(4) Addition of injurious substances to conceal inferiority. 

(5) Addition of injurious substances to preserve them. 

(6) The sale of decomposed vegetable or animal food. 

(7) Misbranding. 

(1) The ahstraction of nutritious substances. — ^Milk from 
which cream is abstracted is sold as whole milk by fraudulent 
dealers. Milk from G-ujerat with only 0.1 per cent, of fat 
is clandestinely imported into Bombay. There is no 
objection to abstraction of cream so long as the milk satisfies 
the legal standard. Skimmed milk may be sold provided a 
label clearly announces the fact. The mixing of cloves and 
spices with those from which the essential oils have been 
extracted, is also carried on. Used tea leaves are sometimes 
dried, rolled and sold again. Such spent or exhausted leaves 
are “ faced ” so as to resemble genuine tea. 

(2) Addition. — The addition of cheaper food-stuffs so 
as to increase the bulk, weight, or measure, thereby affecting 
its quality or strength is found. The addition of water to 
milk is the common example. Other examples are : — ^Honey 
may contain glucose ; coffee may be adulterated with chicory, 
caramel, and saccharine extracts ; flour, or tumeric may be 
added to mustard ; hydrogenated vegetable oils, or animal 
fats or fish oils may be mixed with ghee ot butter ; talc 
may be added to flour and silicates to confectionery. 

(3) Substitution. — ^The sale of any article of food which 
is not of the nature, substance and quality which it purports 
to be, is an oflience. The sale of vegetable products as ghee 
or butter, of cotton seed oil as ohve oil, or use of saccharin 
instead of sugar are' examples. 

(4) The addition of colouring matter. — Food-stuffs may 
be artificially mixed, coloured, powdered, coated or stained, 
with the intention of concealing danger or inferiority. The 
dyes usually used are (1) mineral, (2) vegetable, (3) coal tar 
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dyes. Copper siilpliate is used to give a green colour to peas, 
iron oxide, a red colour to meat, and potash, nitrate, a bright 
red to canned meat. Flour may be bleached by the nitrogen 
process. Amongst vegetable dyes annatto is used for butter, 
logwood for wines, and turmeric in mustard. The coal tar 
dyes on account of the brilliant colour and cheapness are 
used for confectionery, jellies, meats, flavoury extracts, etc. 

(5) Addition of Preservatives. — Formalin, boric acid, 
sulphates, salicylates, etc. are added to food-stufis to iirevent 
food from undergoing decomposition. With the modern 
methods of sterilization and refrigeration, the addition of 
preservatives is unnecessary and is prohibited except in 
few exceptional cases. 

(6) Vegetable and animal food sold in a state of decomjjosi- 
tion or filthy slate . — ^Examples : Oysters contaminated with 
sewage, rotten eggs, animals who have died from disease 
or accident, decomposed fruits. 

(7) Misbranding . — Includes mislabelling, imitation, subs- 
titution, etc., whereby the consumer is deceived and purchases 
at a higher price an article of inferior quality. 

Under the Prevention of Food Adulteration Act, rules 
are made for the labelling of margarine, and vegetable 
products, or Vanaspati ; and condensed skimmed milk, and 
also for declaring the presence of Preservatives. 

The Adulteration of foods Act provides for the pre- 
vention ; — 

(1) of mixing, colouring, staining, or powdering any article 
of food for sale with any matter injurious to health. 

(2) of the sale of an article of food which is not of the 
nature, substance and quality it purports to be. 

Exceptions — 

(a) When any ingredient not injurious to health has 
been added for the production and preparation 


Prevention of Pood Adulteration Act, 


505 


of the food as an article of commerce in a 
state fit for carriage or consumption and not 
fraudulently to increase the bulk or conceal 
the inferior quality. 

(b) A label indicates that some ingredient not inju- 
rious to health has been added or some matter 
abstracted. 

Any person empowered by the Commissioner purchasing 
an article or sample of food with the intention of sending 
such an article for analysis shall after the purchase shall 
have been completed, forthwith notify to the seller or his 
agent selling the article or the sample his intention to have 
such article or sample analysed by the Public Analyst ; and 
shall offer to divide the article or sample into three parts 
to be there and then divided and each part to be marked 
and sealed and fastened in such manner as its nature permits, 
and shall if required to do so, proceed accordingly and shall 
deliver one of the parts to the seller or his agent. 

If the seller or his agent do not accept the ofier of the 
purchaser to divide the article or sample purchased in his 
presence, the Public Analyst receiving the article or sample 
shall divide such article or sample into two parts and shall 
seal or fasten up one of those parts and shall cause it to be 
delivered, either upon receipt of the article or sample or 
when he supplies his certificate, to the purchaser, who shall 
retain such part for production in case proceedings under 
this Act in respect of such article or sample should afterwards 
be taken. 

Any vendor refusing to sell such an article is liable to 
prosecution. 

In the Eules framed under the Prevention of Adultera- 
tion Act, 1925, the following standards are laid down for 
certain articles of food. 
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Deficiency in normal constituents and addition of extraneous 
matter. — (i) Tlie following articles of food when constituted 
as shown hereunder shall be presumed to be not of the nature, 
substance, or quality they purport to be : — 

(a) Cow’s milk which contains less than 3.5 per cent, 
of milk fat or less than 8 . 5 per cent, of milk solids 
other than milk fat ; 

(&) Buffalo’s milk which contains less than 6 per cent, 
of millc fat or less than 9 per cent, of milk solids 
other than milk fat ; 

(fl) Skimmed milk which contains less than 8 . 7 per cent, 
of milk solids other than milk fat ; 

(d) Butter milk which contains less than 8 per cent. 

of milk sohds other than milk fat ; 

(e) Butter which contains more than 16 per cent, of 

water ; 

(/) Ghee which contains more than 1 per cent, of water. 
(g) Wheat flour which contains Alum or more than 2 
per cent, of ash or less than 8 per cent, of gluten ; 

(Ii) Tea which contains leaves which have not the 
structure of the leaves of the genus Camellia. 

(ii) The following article of food when failing on analysis 
to yield the results referred to hereunder shall be presumed to 
be not of the nature, substance or quality it purports to be : — 
Tea which dried to a constant weight at 100°C. does not 
yield from 4. to 8 per cent, of total ash, the proportion 
of total ash soluble in boiling water being not less than 
40 per cent, and which on boiling in the propoition 
of one part of tea to 100 parts by weight of distilled 
water for one hour does not yield 30 per cent, or more 
of extract. 

Milk. 

Milk is the natural secretion of the adult female mammal 
intended for the use of her newly-born offspring, and con- 
tains all the constituents needed for the entire nutriment of 
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a young growing animal. The constituents of mill^, viz. fats, 
sugar and proteins, are all formed from the protoplasmic 
contents of the cells of the epithelium, lining the ramifications 
of the ducts of the mammary gland through the vital activity 
of the cells. Milk is one of the most important food not only 
for the young baby but even for adults. It is comparatively 
cheap, palatable, and easily digestible. It contains all the 
necessary constituents of a balanced diet and being rich 
in vitamins serves to protect from deficiency diseases. 
People who drink milk, develop both physically and intel- 
lectually far more than those who live only on vegetable 
food. For adults, however, it has to be combined with a 
vegetable or animal diet as it has much water, little roughage, 
little iron, and lacks in vitamin E. 


Constituents of Milk. 

Milk is a yellowish white opaque fluid, with a specific 
gravity of 1027 to 1035 and an amphoteric reaction. It is 
complex in composition and is made up of milk plasma 
in which fat globules are suspended. It contains water, 
proteins, fats, carbohydrates, mineral salts, vitamins, extract- 
ives, enzymes, antibodies, cells, gases and other substances. 
Microscopically fat globules, cells, bacteria, debris, etc., are 
to be seen. The milk of various mammals contains essentially 
the same constituents but in different proportions. 


The average, percentage composition in different 
mammals is given below : — 


— 

English 

Cow, 

Indian 

Cow. 

Indian 

Buffalo. 

Human. 

Mare. 

Coat. 

Water 

87.40 

86.10 

81.6 

87.68 

-88.40 

86.60 

Total Solids 

12.00 

13.90 

19.4 

12.32 

11.60 

14.40 

Sugar 

: 4.7i5 

4.66 

4.62 

6.40 

6.87 

4.30 

Fat 

[ 3.05 

4.85 

8.60 

3.40 

1.76 

6.00 

Proteins . . 

3.48 

3.70 

3.89 

2.20 

3.58 

4.36 

Mineral Salts 

0.72 

0.07 

0.78 

0.32 

0.39 

0.76 
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Proteins . — Tlie proteins found in milk are caseinogen, 
lactalbumiii, lactglobulin, and traces of fibrin and mucin. 
Protein in milk ranges from* 2. 5 to 5 per cent, and contains 
all the amino-acids in proper proportions to build up tissues, 
Caseinogen is a neutral salt of Casein and Calcium Pliosphate. 
Caseinogen belongs to tke group of nucleoalbumins, and 
contains Pkospborus, and coagulates witb rennet in tlie 
presence of a sufficiently large amount of lime salts, a curd 
being formed. It is also precipitated by tlie addition of 
acid. The curd consists of casein with entangled fat, and the 
liquid residue (whey) contains sugar, salts, and lact-albumin 
of milk. 

Lact-albumin varies from 0.2 to 0.8 per cent., but is 
more abundant in Colostrum. It contains Sulphur but no 
Phosphorus and is soluble in water. It coagulates on 
heating to 70° C but not with dilute acids. It is precipitated 
by a saturated solution of ammonium sulphate but not by 
a neutral solution of sodium chloride and magnesium sulphate. 

Lactglobulin is present in traces in milk but is abundant 
in Colostrum. It resembles serum globuhn. 

Fat exists in the form of fine emulsion in milk and can 
be separated by allowing milk to stand, when the fat being 
lighter rises to the top, or by the use of centrifugal force. 
The size of the fat globules vary, and each globule is supposed 
to be enveloped in a fine albuminous membrane or stroma-like 
substance but this is questioned. On shaking the fat, the 
globules gradually coalesce and form butter. Milk fat 
constitutes about 3.5 to 6 per cent, of the total weiglit, 
but some milks contain even 8 to 12 per cent, of fat. 
The amount of fat is not constant but varies with the breed, 
season, food, etc. Milk fat consists of the glycerides of oleic, 
palmitic, and stearic acids, and also of the volatile fatty 
acids, viz., butyric, capric, caproic and capyrilic. The fore- 
milk or the first portion drawn from the udder is poorest in 
fat, the “ strippings or the last is always the richest, whilst 
the middle portion contains the average percentage. 
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A diet rich in fat would not increase the proportion 
of this constituent in the milk. In a fatty diet, all fats taken 
up by the lacteals of the intestines are consumed in the 
production of heat and energy, all fats not so taken up are 
discharged with the excreta. Metabolism in the organism 
is stimulated to greater activity by nitrogenous foods, it is 
retarded by fatty foods, and all the* fats obtained in milk 
arc derived from albuminoids and not from fats and carbo- 
hydrates, the latter being consumed in the production of 
heat and energy. It is foimd in practice and by experiment 
that a cow at grass yields in her milk more fat than is ingested 
with her food. The sugar too is formed by the same proto- 
plasm and not from the carbo-hydrates taken in with food. 

Ijactose or milk sugar is a carbohydrate and is always 
in solution. Milk sugar is split up into dextrose and galactose 
by the action of an enzyme “ lactase ” existing in yeast. 
The dextrose is further changed into lactic acid by the lactic 
acid bacilli, which cause the souring of milk. After this is 
fully established the casern begins to decompose and pro- 
tein ptomanies of a poisonous nature are formed. Human 
milk contains 6.4 per cent, of lactose and cow’s miUc 4.75 
per cent. 

Mineral Salts . — The principal mineral salts are calcium 
phosphate, magnesium phosphate, sodium and potassium 
chlorides, and a little of iron. Milk is a good source of 
calcium in dietary because of its large quantity and its 
assimilable form. Children are able to take up calcium 
from milk more readily than from vegetables. The mineral 
salts amount to 0 . 7 per cent. 

Vitamins — Millr contains vitamins A, B, C and D. 
Cream is very rich in vitamin A, and the amount depends on 
the diet of the cow, fresh green fodder raising it to its 
maximum. Vitamin A is destroyed when the milk is evapo- 
rated in vacuum or by aeration methods. Vitamin A had 
always been regarded as growth-promoting but recent expe- 
riments suggest that it is primarily concerned in preventing 
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infections and only indirectly promotes grovrtli by preventing 
infections. 

Vitamin B consists of two factors Bi, tbe thermostable 
antineuritic, and B 2 the thermostable. Pellagra preventing 
(P.P.). Milk contains both these but in very small quanti- 
ties which are insufficient to make good deficiency of them 
in other articles of diet. 

Vitamin G (antiscorbutic) is present in small quantity 
and the amount varies with season and the diet of the cow. 
It is very easily destroyed by oxidation, which is accelerated 
by heating. 

Milk is rich in vitamin D (antirachitic) and the amomit 
can be greatly increased by the irradiation of milk by ultra- 
violet light. 

Ferments . — Milk contains a large number of enzymes 
or ferments, some of which are normal constituents and 
others the results of bacterial activity. 

The enzymes present are galactase, lactokinase 
lipase, perioxidase, catalase, reductase, and amylase. 
Galactase does not produce any change in the milk in the 
short period between production and consumption but it 
probably helps in the digestion of milk. Lactokinase assists 
the pancreatic juice in the digestion of a portion. Catalase 
and reductase and others are probably of bacterial origin. 

Extractives present in milk are lecithin, cholesterin, etc. 

Water in milk varies from 85 to 88 per cent. 

The gases dissolved in milk are oxygen, nitrogen, and 
carbon-dioxide. Milk has got a great avidity for absorbing 
gases and vapours, organic and inorganic from the air. 

Milk is a perfect food for the suckling of the same species, 
thus the human baby thrives better on human milk. Two- 
thirds of the protein in human milk is soluble lactalbumin 
and one-third caesinogen, whilst in cow’s, one tenth is lactal- 
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bumin and the remainder caseinogen, Tbe mineral salts are 
higher, but milk sugar is much less in cow’s milk. On account 
of the large amount of caseinogen the curds formed in the 
child’s stomach with cow’s milk are coarse and large whereas 
with human milk only loose flocciilent mass is the result. 
Cow’s milk will therefore disagree with infants and give 
rise to flatulence and diarrhoea unless it is so modified as to 
resemble human milk in composition. Even then as mother’s 
milk contains specific antibodies, vitamins, and other 
unknown qualities which have remote effects on the nutri- 
tion of the baby, infants should always be brought upon 
human milk as cow’s though humanized, can never be just 
as good. 

The simplest method of humanising cow’s milk is by 
mere dilution, i.e., adding one part of cow’s milk to one part 
of water. This approximates the proportion of protein in 
cow’s milk to human milk but leaves the fat and sugar too 
low. This can be rectified by adding one ounce of ordinary 
centrifugalised cream and an ounce of milk sugar to every 
pint of the diluted milk. In order to prevent the firm clotting 
to which cow’s milk is prone, barley water or any other 
mucilagenous substance may be used to dilute it. These 
substances act mechanically by getting between the particles 
of casein during coagulation and so preventing their running 
together and forming compact masses. Soda bicarbonate 
6 grs. to an ounce of mixture or hmewater in the proportion 
of 1 to 2 of the milk mixture may be added to partly 
neutralise the acid of the gastric juice so that the casein 
is coagulated slowly in small masses. Citrate of Soda 
(2 grains to every ounce of milk) increases the diges- 
tibility of casein by precipitating the excess of calcium 
salts and causing the casein to form less dense curds. 

There are several other methods recommended for 
humanising milk, for instance : whey milk mixture. The 
whey is prepared by warming a pint of milk to blood heat, 
adding a tea-spoonful of rennet and straining when the 
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curd lias set. The whey is then heated to 150° Fto destroy 
the rennet. A weak “humanised milk” can he made by 
mixing 10 ounces of fresh milk with 10 of whey and adding 
•| ounce of milk sugar. 

Asses’ and mares’ milk resembles human milk more 
closely, the curds being loose and flocculent and easily diges- 
tible. Goat’s milk contains too much fat and protein but 
is a good substitute for cow’s milk for children, the curds 
formed in the stomach being easily digestible. 

Golosinm is the fluid secreted by the mammary gland 
for a few days after birth till lactation becomes established. 
It is very rich in globulin, and differs from millc in composi- 
tion, appearance and function. In cows it helps to protect 
the calf against bacterial infections till it has acquired a 
natural immunity. It is not essential for infants as anti- 
bodies pass more easily through the human placenta into 
the fcetal cord. 

Chemical Examination of Milk in India. 

The composition of milk in India differs from that in 
Europe and America in many respects. In India the milk 
of the buffalo is very largely consumed, even more so than 
that of the cow. The reasons for this probably are : (1) the 
yield of milk per buffalo is greater than that of the cow, 
hence commercially, other things being equal, it is more 
advantageous to the supplier ; (2) buffalo miUr is richer in 
total solids and fat ; hence a larger return in cream and 
butter, etc. The average composition of cow’s and buffalo’s 
milk is as follows : — 

Cows. Buffaloes. 

Specific Gravity ,. ,. 1030.87 1030.8 

Total solids .. .. 13.9 % 18.4 % 

I’a-t 4.86 % 8.6 % 

, Solids not fat .. ., 9.04 % 9.8 % 

The fat in Indian cows may rise to 7 to 8 per cent, and 
in buffaloes to 11 or 12 per cent. 
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For tlie routine examination of inillr tlie specific gravity 
and fat need only be determined, and from these the solids 
not fat by Eichmond’s Eule. From the solids not fat the 
percentage of adulteration is calculated. 

Milh standards , — In Bombay the legal standard laid down 
for cow’s milk is 3.5 per cent, fat and 8.5 per cent, solids 
not fat and for buffaloes milk 6 per cent, fat and 9 per cent, 
solids not fat. Skimmed milk must not contain less than 
8 . 7 per cent, of milk solids other than miUc fat, and butter 
milk must not contain less than 8 per cent, of milk solids 
other than milk fat. 


The following Table shows the changes in the com- 
position of milk when it is adulterated with water or is 
skimmed : — 



Watered 

Milk. 

Skimmed 
! Milk. 

Specific Gravity . . . . . . . . 

Decreased. 

Increased. 

Fat per cent. 


Decreased. 

Total Solids per cent. 

„ 


Solids Not Fat per cent. .. 

» 

Unchanged. 

Proportion of Fat per cent, to So]id.s Not 
Fat per cent. 

Unchanged. 

Decreased. 


There are numerous factors which influence the physical 
characters, chemical composition and bacterial contents of 
the milk. Dr. Joshi has classified them as follows ; — 


(1) CUmatic—^esLSoiial and daily variations, effects of 

weather. 

(2) Conditions relating to the Milch cattle. 

(a) Heredity and breed, (6) food, (c) housing and 
tendering, (d) age, (e) period of lactation, (/) disea- 
ses of milch cattle. 
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(3) Conditions ascribed to the Gowlis and milk dealers. 

(<») Customs and habits, e.g., method of milking. 

(6) Communicable diseases. 

(4) Miscellaneous Jurfons— Collection, storage, transport- 

ation, distribution, etc. 

Temperature and humidity have very slight influence 
so long as green fodder is available. There is usually a 
difference in the relative composition of morning and evening 
milk of- cows and buffaloes, the evening milk being always 
richer in fat than that of the morning. In Bombay there 
is usually a slight lowering in the percentage of total solids 
in the rainy season due to the green and succulent fodder. 
Breed has a great influence on the q[uality and quantity of 
milk, the Surti buffaloes, and the Sindhi and Grir cows yield- 
ing more fat. The Delhi and Jaffrabadi buffaloes produce 
the largest quantity of milk. As regards food, cattle fed on 
food rich in proteins will yield milk of a superior quality, 
specially as regards fat. A highly nitrogenous food, increases 
the fatty constituents, and oily food increases the quantity 
but renders it watery, hence the practice of the G-owli to 
feed his cattle on the cotton seed. Animals fed on green 
and succulent fodder yield milk poor in total solids but the 
quantity is increased. 

The best age for Indian cattle for the produce of milk 
is 5 to 8 years. The lactation period is about 300 days. 
Brom the time of calving to the time of “ drying up ” as tlie 
quantity of milk gradually diminishes, the richness increases, 
the total sohds specially the fat increasing with the advance 
of the lactation period. 

Adulteeation of Milk. 

Milk may be adulterated by : — 

(1) summing.— A part or whole of the cream, as it 
fetches a higher price, may be removed and the remaining 
fluid sold as whole milk. Since Indian Buffaloes give on 
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an average 8 to 9 per cent, of fat, and the legal standard is 
6 per cent., vendors nsnally abstract a part of the cream and 
yet satisfy the standard. The specific gravity of skimmed 
milk will rise to about 1036 and the percentage of fat may be 
reduced to as low as 0.1 per cent. There is no objection to 
the sale of skimmed milk so long as a label declares the 
nature of the milk. Milk at present imported into Bombay 
from Guzerat contains only 0.1 per cent, of fat, and 
is treated with Boric acid or Boric acid and Formahn to 
preserve it during the long journey and sold as pure milk. 

(2) Walering , — ^The addition of water to increase the 
quantity is a common practice with Gowlis in India, The 
milk in addition to being diluted and lowered thereby in 
nutritive value may be infected with pathogenic germs 
introduced through the impure watk added. The addition 
of water will lower the specific gravity according to the 
amount of water added and raise the freezing point. In 
actual practice it is estimated in the laboratory by the dimi- 
nution in the percentage of the non-fatty solids. Out of 
27,292 samples of milk examined in the Municipal Labora- 
tory during the last five years 29 per cent, were found adul- 
terated with water. 

(3) TliicTcenincj agents hke chalk, starch, gelatine, 
sugar, etc. are added to give viscosity to watered milk. 
Colouring matter e.g., annato is occasionally added to conceal 
skimmingor watering, or to make the milk look rich; alkalies 
like Soda Bicarb are added to reduce acidity, delay curdHng 
or improve the taste ; sweet substances e.g.. Saccharin and 
sugar are added to raise the specific gravity and thus disguise 
watering or to mask the taste of souring. 

(4) Chemical Preservatives . — Chemical preservatives are 
often added to milk with a view to preventing bacterial 
growth or keeping it in an apparently unaltered condition 
for a prolonged period. This is chiefly done for commercial 
purposes. The chemicals most frequently used are boric 
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acid and formaldeKyde, Others, however, are sometimes 
added, such as benzoic acid, salicylic acid, soda bicarbonate 
and hydrogen peroxide. It has been found, however, that 
these preservatives are added in variable quantities and 
in almost all cases more in amount than actually required 
to preserve the milk for 24 hours. All such preservatives 
are positively harmful and dangerous to health, especially 
to invalids, children and infants. It has been found by 
experience that chemical preservatives are totally unneces- 
sary for keeping milk for 24 hours, and the knowledge that 
these preserve milk, serves the milk supplier’s purpose of 
selling preserved stale milk, which may contain pathogenic 
bacteria and toxins, and forms also an incentive for the 
supplier to collect milk under conditions of neglect and dirt. 

In England the addition of Chemical preservatives to 
milk is prohibited, nor may colouring agents be added. 
In Bombay, chemical preservatives and thickening agents 
cannot be added to milk. 

Bacteria in Milk. 

MiUc as secreted by a healthy animal is a sterile fluid. 
It may be contaminated in various ways from the udder to 
the consumer and usuaUy contains more bacteria than any 
other food. The sources through which bacteria may gain 
access to milk may be grouped as follows : — 

(а) Intramammary 

(б) Introduced during the milching process 

(c) From milli: utensils 

(d) By contamination durmg transit. 

Bacteria may enter the lactiferous ducts from outside 
as there is no special obstacle to prevent their entry, the 
only one being the sphincter muscle at the lower end of the 
teat. The “ fore milk ” contains most of the bacteria, but 
the latter milk or “ strippings ” least. The most frequent 
bacteria found are the Streptococci, Staphylococci and 
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Pseudo-diptlieritic bacilli. The number of bacteria in milh 
increases with the handling and exposure. All these gain 
access to the milk cistern, through the milk column in the 
teat canal in the udder and also to the final ramification of 
ducts from outside through the teat orifies. Bacteria 
introduced during the milk collection may be (1) from the 
hair, udder or teat of the animal ; (2) from dust of the milk- 
shed or clothes of the milker, or from the dirt of the hands 
of the milker. As the liind quarters and udders of the animal 
are laden with dry or wet dung, some of it. of necessity finds 
its way into the milk pail. The air and dust of the shed 
are full of bacteria, which may contaminate the collected 
milk either during the process or when stored, as the pails 
are almost always uncovered. Milk vessels when improperly 
cleaned form a grave source of contamination of milk. The 
water used for cleaning these vessels must be from’ a pure 
source. During transit, milk may be contaminated if not 
conveyed with tightly fitting covers. It can be imagined 
how badly milk may be contaminated in India by the Gowli 
who covers the milk, to prevent splashing, with rings of hay, 
straw or green grass which he finds handiest ; or again when 
exposed for sale in open vessels in the streets, it may receive 
dust laden with particles of dried street and domestic refuse ; 
by flies which may have fed on excreta and other decomposing 
matter. 

To keep the bacterial count low it is necessary to chill 
the milk and keep it at 40°P. The Bacteria in milk are not 
equally distributed through the fluid but are more abundant 
in the cream. The Streptococci found in milk may possibly 
be derived from local pathological lesions such as mastitis 
or ulceration in the udder. The presence of streptococci 
may also indicate manurial pollution, and they are harmful 
to infants in as much as they cause G-astro-Enteritis and 
infantile Diarrhoea. Staphylococci are almost always abim- 
dantly present in milk, but their presence does not indicate 
any pathological significance. Bacillus Coli and allied forms 
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indicate either manurial or fcBcal pollution and sucli con- 
tamination may be obviated by observing scrupulous clean- 
liness during milking. B. Coli and Coli-like bacilli are lactose 
fermenting bacteria of intestinal origin and tbeir presence 
in milk is largely proportional to the amount of cleanliness 
exercised during milking. 

Bacillus Enteridis Sporogenes shows that the pollution 
is manurial or faecal, as the spores of the same occur abun- 
dantly in faeces and dung. 

Bacillus Butyricus resembles the Enteridis Sporogenes. 
They are both anaerobic and both seem not harmful to man ; 
B. Enteridis, however, is of importance as it indicates pollu- 
tion from dung. Besides these, B. Subtilis, B. Mycoicles, 
B.MesentericusVulgatus are also present. These are aerobic 
but non-pathogenic. They indicate contamination from 
outside, probably hay, and have a decomposing effect on 
milk. They are also heat-resistent and therefore constitute 
most of the bacilli left in imperfectly sterilized milk. 

Pathogenic bacteria usually enter the milk from human 
sources. Diphtheria, scarlet fever, typhoid, cholera etc. are 
always introduced into the milk through man. The 
steptococci of septic sore throat may be implanted on the 
udder of a cow from a human case, where it will grow and 
multiply and infect the millc. 

Malta fever, milk sickness, and foot and mouth diseases 
are conveyed through the milk of affected cattle ; and also 
Bovine Tuberculosis if the udders of the cow are affected. 

Bacteriological Examination oe Milk. 

This is for the purpose of finding out contamination 
with microbes, dirt, cowdung, etc. 

Microbes 'per c.c . — The number of bacteria in milk is 
the best single index we have of its general sanitary char- 
acter. (Rosenau.) 
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The highest count Dr. Joshi obtained in some of the 
Bombay milks was 118,400,000 microbes per c.c. and the 
lowest 250,000 microbes per c.c. The above figures are- 
only approximate, for, as Savage says ; ‘‘ There are no nutri- 
ent media and no known conditions of growth which will 
allow all the bacteria in milk to develop.” Without entering 
into a detailed discussion, it may be said that the count has 
a relative value wlien the samples are examined under iden- 
tical conditions. The number of microbes varies a great 
deal, depending upon— (1) conditions of collection and trans- 
portation of milk ; (2) time elapsing between the collection 
and the examination and (3) temperature. The figures show a 
much higher count in April and May, when the heat is intense 
in Western India, than in July and August, when it is cooler 
on account of the rains. 

A few cows and buffaloes were brought to the Municipal 
Laboratory and several samples taken under aseptic pre- 
cautions and examined immediately. The average of several 
samples was found to be 386 microbes per c.c. This shows 
the value of collecting milk with proper care. 

There are many difficulties in the way of adopting 
bacterial standards for legal purposes. A working standard, 
however, would be very useful for administrative purposes. 
Legal bacterial standards exist abroad, particularly in 
American cities. Bo.ston, for instance, has a legal standard 
of 500,000 bacteria per c.c. Eesearch in other parts 
of India is suggested. In the meantime, the following 
tentative standard for Bombay City has been suggested by 
Dr. Joshi : — 

1. Microhes per c.c . — The total number of microbes per 

c.c. should not exceed two millions during the cold 
weather (November to March) and five millions 
during the hot and rainy season (April to October). 

2. Lactose Fermenters . — These should be absent in at 

least 1 c.c. of the sample, if it is taken with strict 
sanitary precautions. 
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(a) During the cold (November to March), 

the sample is of — 


Pure Milk if lactose fermenters are absent in 

1 

c.c. 

Good „ » 

0,1 


Pair M » 

0.01 


Unsatisfactoii’ „ „ present 

0.01 


Bad „ „ » 

0.001 


Contaminated „ „ 

0.0001 


Highly contaminated „ „ 

0.00001 
and less. 


(6) During the hot weather and 
to October) the sample is of- 

monsoon (April 

Pure Milk, if lactose fermenters are absent in 

0.1 

c.c. 

Good „ „ » 

0.01 


Pair „ „ „ 

0.001 


Unsatisfactory „ „ present 

0.001 


33ad „ „ „ 

0.0001 


Contaminated „ „ „ 

0.00001 


Highly contaminated „ „ 

0.000001 



and less. 


3. Microscopic examination of the centrifugalised sediment 

should show only a few leucocytes and perhaps a 
few cocci and bacilli, but Pus cells and (pathogenic) 
Streptococci should be absent. There should be 
no leucocytosis, especially of the poly-morpho- 
nuclear variety. 

4. Pathogenic microbes, e.g., Tubercle Bacilli, Cholera 

Vibrio, B. Typhosus, etc., must be always absent. 

Lactose Fermenters in Milk . — ^About a 100 samples were 
examined in the Bombay Municipal Laboratory. In most 
of the samples. Lactose Permenters were found to be present 
in 0.000001 c.c. and more of milk, which would indicate 
much pollution. 

In the samples collected under proper precautions 
Lactose Fermenters were entirely absent. 



ip- 



I 

\ 
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Diseases Conveyed Through Milk. 

Milk being the most suitable medium for the growth 
and the development of fungi and bacteria, many infectious 
diseases may be conveyed through it to man. The chief 
sources of infection are dirt and water. Dirt may enter either 
before or after milking, and water by the washing of pails, 
or by the wilful addition of it for adulteration of milk. The 
infection may be conveyed directly or indirectly from human 
sources in the farm, in the dairy, during transportation or 
at the house. Diseases thus conveyed by milk are Typhoid 
and Paratyphoid Fevers. Tuberculosis, Diphtheria, Septic 
sore-throat, Scarlet Fever, Cholera and gastro-intestiiial 
troubles. Sometimes milk becomes infected as the result of 
the disease of the cattle as in Bovine Tuberculosis, Malta 
fever, Foot and Mouth di.seasc. Garget, etc. 

Typhoid TJie cliief source oi Typhoid Bacilli 

in milk is the washing of the pails and the adulteration of 
the milk with water wliich lias been polluted wnth the excreta 
of Enteric patients. A typhoid carrier, a convalescent of 
ambulant case, or flies may also infect the milk. There 
is no evidence of the disease being directly conveyed through 
the cow. The taste, colour and physical characters of millr 
will be unchanged and bacteriological examination for the 
detection of the bacillus is difficult. A large number of milk 
epidemics have been traced to Typhoid Fever. 

Tnhe.TCulosis. — Apart from the fact that milk may be 
contaminated wdth Tubercle through a human carrier, or 
flies which have settled on tubercular sputum, milk is largely 
responsible for conveying in Europe and America bovine 
Tuberculosis to man, specially to infants and children. The 
milk may be contaminated either directly as the result of 
tuberculosis of the udder or indirectly through the excreta, 
the bacilli being coughed up and swallowed and passed in 
the excreta. Twenty-five per cent, of the stall fed dairy 
cattle in England are subject to this disease, and there exist 
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strict regulations enforcing notification of the disease in 
cattle. In order to eradicate Bovine Tuberculosis, the cow 
should be stabled in open air sheds, and tested with tuber- 
culin every six months to Weed out the infected animals. 
Tuberculosis is, however, rarely conveyed by milk in India. 
Dr. Joshi reported that of a total of 741 samples of milk 
examined by him acid fast bacilli were detected in 48 giving 
6.47 per cent, but in no single case were genuine Tubercle 
Bacilli found by animal experiments. 

Dr. Soparkar examined material from 111 cases of 
surgical Tuberculosis and found a bovine type in only one 
case. He concludes from this that bovine tuberculosis forms 
a negligible part in the causation of surgical tuberculosis in 
the western Presidency of India which appears to be in 
conformity with the infrequency of tuberculosis in cattle 
on this side. In northern India however he examined mate- 
rial from the carcases at the slaughter houses at Perozepore 
and Lahore and found 19.4 per cent, of cows, 23.4 per cent, 
of Bufialoes, and 31.6 per cent, bullocks examined to be 
suffering from tuberculosis. These figures he says, approx- 
imate those in European countries and would increase the 
chances of infection of human beings with bacillus of bovine 
origin. The control and eradication of the disease among 
the cattle in northern India therefore calls for serious con- 
sideration. 

Scarlet Fever . — Has been traced to milk infected by 
persons who have attended on a case or who have themselves 
sufiered from a very mild form of disease. There is suspicion 
that cows may also suffer from streptococcal infection 
resembling scarlet fever. 

Diphtheria . — The infection of milk with diphtheria is of 
human origin, either from an actual case or a carrier. Cows 
do not suffer from a disease akin to diphtheria but infection 
of the udder with Streptococcus Epidemicus may be responsi- 
ble for cases of septic sore throat. 
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Cholera.-- Milk is responsible for gastro-iiitestinal troubles 
some of wbicli arc specific. Cholera bacilli may enter the 
milk through water, flies or a human carrier. Epidemics 
of Cholera have been traced to milli in India. The human 
carrier may be one wlio has suffered from a mild unrecognised 
ty]ie of the disease, or a contac.t who has attended on a patient, 
or a chronic carrier who has recovered from the disease and 
passes cholera bacilli in his stools iieriodically for an indefinite 
period. 

Diarrhcca and Dfjffenlurj /, — Is very common among 
children fed on cow's and buffalo’s milk specially during 
summer. 11. Knteritidis may find its way into milk and 
cause an acute infection. Milk which has undergone lactic 
acid fermentation may cause diarrhma and sickness in 
children. Fungi and Moulds {e.g. Penicilliuni, Aspergillus, 
Mucor) and milk containing pus and fluids from inflamed 
udders may cause gastric irritation. Oidium Albicans in 
milk will cause Thrush. 

Malta Farcf.- Infection k transmitted from goats to 
men through raw milk containing B. Mellitensis. 

Foot and Mouth di.sease is caused by a filterable virus 
and is presiimbly a disease of cattle and secondly of man, and 
h conveyed to man by milk. The cows suffer from fever for 
seven or eight days and get an eruption of vesicles on the 
mucous membrane of the mouth, udder, etc., and milk gets 
infected through the serum of the vesicles. In man the 
symptoms are mild and .seldom fatal and characterised by 
fever, ve.sicles on the throat and lips, salivation and glandular 
enlargement. The disease may be conveyed by raw millr, 
and also butter, whey and cheese. 

Milk Sickness . — Endemic in America, it is described as 
an acute non-febrile disease in man characterised by great 
depression, persistent vomiting and high mortality and is 
due to the ingestion of milk of animals suffering from a 
disease known as “ trembles.” 
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Under certain conditions milk may acquire poisonous 
properties e,g. metallic poisoning Irom vessels, elimination 
of certain drugs taken by tke motker, toxic substances pro- 
duced by certain bacteria and certain poisonous weeds eaten 
by cattle. 

It is a well known fact that the infantile mortality in 
India is large as compared with European countries. The 
causes are numerous and complex but bad millc is one 
of the chief causes. 

Milk home Epidemics . — ^All outbreaks of infectious diseases 
due to milk are sudden and explosive, of short duration, 
and come to an abrupt and equally sudden termination. 
The characters of the epidemic will depend on the amount 
of infection, and the number of persons who drank the 
milk. The duration will vary with the incubation period 
and the length of time the milk is infected. As a rule the 
incubation period is short, the attack mild, and the mortality 
rate low. Only a few persons may be attacked or several 
hundreds. The infected houses will be found to be supplied 
with the milk of the particular vendor whose milk is at fault 
and only drinkers of raw milk will be affected. There will 
be more cases among women and children as they consume 
millc more largely and for a similar reason there will be a 
great incidence among the better class of people. 

Abnormal Milk. 

Millr may undergo fermentation or putrefaction, or have 
some abnormal appearance due to the action of bacteria. 

Eour Milk— The souring of millr is produced by the 
hydrolysis of the milk sugar by B. Acidi Xactici of Huejjpi 
or B. Bulgaricus, Lactic Acid being formed which gives the 
milk an acid reaction. 

^12^220 jLi-j-Hg O^Cfi Hi.20g -f-Ce Hi 20(5 
Lactose Glucose Galactose 

O3 

Glucose Lactic acid. 



Abnormal Mtlk. 


526 


The Lactic Acid subsequently combines witli tbe Oalcium 
pliospliate jireei 2 >itating tlie Casein and curdling the milk. 

Fenmi^tal -Yeast and some bacteria can produce 

alcoholic ferunnitation of millv: as in the case of Koumiss 
prepared by tin' addition of paTU‘-suga.r and yeast, and Kejjhir 
by means of Ke 2 >hir grains wliich contain yeast and various 
bacteria. 

SliiM/ or Ropif Milk . — JL Lactis Viscosi renders the milk 
slimy or ropy due to the. formation of certain niucilagenous 
substa nces through fermentation. The change may appear in 
12 to 24 hours after milking and may be so pronounced that 
the milk can be dranm into thread-s or strings. Though this 
condition is looked upon as one of the greatest posts of cheese 
maker.s, it is of eeonomie value in Holland and is intentionally 
prodiuu'd for tluj jnoduction of .special variety of cheese. 
The bacillus may gain admittance into a dairy through 
water, and can be eradicated by fumigation and disinfection. 

Cohured J/f/A*.— Some bacilli change the colour of milk. 
B. Cyanogenes renders it blue, B. Synxanthus yellow, B. 
Erythrogeiies, B. Prodigiosus, and Sarcinse, red. Eed milk 
may also bo due to the presence of blood due to some injury 
or acute inflammation of the udders, or cows feeding on 
plants containing .some red jrigment e.g. Madder root. 

Bitter Milk . — Milk may have a hitter taste when freshly, 
drawn or after .standing for a few hours. Certain foods e.g. 
turnips, cabbages, and disease of the udders may produce 
bitter milk. It may be set up by extraneous organisms 
of more than one species e.g. Conn’s Micrococcus. From 
an economic stand-point it is the most serious condition which 
the dairy bacteriologist may have to deal with as it is some- 
what difficult to eradicate. 

Putrid Milk . — Anaerobes and some spore bearing bacilli 
resembling Hay Bacilli act on milk producing an alkaline 
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reaction and bitter taste. The milk curdless and the pro- 
teins are converted into peptones, and the milk changes into 
a semi-transparent liquid which is dangerous on account of 
the development of some toxic substances. 

Dirty Milk . — ^All millc will contain a certain amount 
of dirt, but the amount will increase pari passu with the 
insanitary methods of miTking, handling, transporting and 
storing milk. An idea of the amount of dirt can be formed 
by filtering a pint of milk through a .little disc of absor- 
bent cotton wool which can be dried. There are several 
dirt tests to estimate the amount of dirt. 

Condensed Milk. 

Condensed milk is whole, skimmed or partially skimmed 
milk, evaporated to one-third of its bulk. It may be un- 
sweetened, or sweetened with the addition of cane-sugar 
to the extent of 40 per cent. 

The condensation is efiected in copper vacuum pans 
in which the milk is boiled under reduced pressure at a low 
temperature (about 50°C.) so that there is no browning or 
other changes incident to exposure to 100° C. and upwards. 
During the process gases and air are expelled and milk boils 
without frothing over. 

Unsweetened condensed milk is prepared by placing 
the milk in a tank, and heating it by a hot water jacket, 
gradual evaporation reducing it to the required consistence. 
The milk is then canned and hermetically sealed and exposed 
to a temperature of 280°F. to ensure sterilization. Condensed 
milk should contain, as it is reduced to one-third its bulk, 
about 10 per cent, of fat, and 25 per cent of solids not 
fat. Unsweetened condensed milk can be used after the 
addition of twice its volume of water. 
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Dr. Coutts in a report to the local Government Board 
(1911) gives the following percentage chemical composition 
of various classes of condensed milk : — 


— 

Full Cream, 

Machine Skimmed. 

Sweetened. 

Unsweetened. 

Sweetened. 

Lowest. 

Highest. 

Lowest. 

Highest. 

Lowest. 

Highest. 

Total Solids . . 

08.1 

83.0 

29.2 

38.0 

59.6 

79.1 

Protein 

7.3 

11.4 

8.0 

10.0 

7.6 

12.3 

Fat 

S.O 

13.7 

8.2 

11.9 

0.1 

6.5 

Lactose 

11.0 

17.6 

11.1 

16.0 

10.9 

17.0 

Aah 

1.0 

3.4 

1.6 

2.5 

1.6 

2.9 

Cane-sugar . . j 

36.1 

44,6 

Nil. 

Nil, 

30.4 

52.6 


The Public Health Eegulations of England require that 
all condensed milk shall not contain less than the following 
percentages of milk fat and milk solids : — 


Description of condensed milk. 

Percentage 
of fat. 

Percentage 
of total 
milk solids. 

Full cream, unsweetened . . 

9.0 

31.0 

,, sweetened 

9.0 

31.0 

Skimmed, unsweetened 

— 

20.0 

,, swoeteiied 

i 

26.0 


The label must also include a statement to the effect 
that the tin contains the equivalents of — ^pints of milk or 
skimmed milk. 


In America Evaporated milk, i.e., milk which is con- 
densed to about 50 per cent, is also manufactured and sold. 

No preservatives are necessary as the low proportion 
of water and large percentage of sugar in the sweetened 
varieties inhibit bacterial growth, and in the unsweetened 
class, the imlk is sterilised at higher temperature. Bacilius 
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of Tuberculosis, and other pathogenic microbes are killed 
in condensed milks, but as certain spore-bearing bacilli, 
streptococci, yeasts and sarcinse may still survive, the milk 
is not necessarily sterile. Bacilli may gain admittance 
during the process of cooling or filling up of the tins. The 
sweetened variety is generally used by the public. 

Full cream unsweetened condensed milk is suitable for 
infants but the sweetened wall contain an excess of sugar 
and may cause flatulence and diarrhoea due to fermentation. 
There will be a lack of antiscorbutic properties in condensed 
imlk but this can be made up by the use of orange jjiice. 
Unsweetened skimmed milk is not recommended for infants 
as it will give rise to mahiutrition, defective development 
and other evils. In England condensed and dried skimmed 
milk are required by the regulations to be conspicuously 
labelled “Unfit for Babies.” The rules framed under the 
Food Adulteration Act require that every tin of condensed 
(separated or skimmed) milk must have a label printed in 
large type — “Machine Skimmed Milk” or “ Skimmed Milk.” 

Dried Milk, 

Dried milk is milk in a powder form obtained by remov- 
ing all water by some drjdng process ; it contains all the 
solids of milk. It may be obtained from whole milk, skim- 
med or partly skimmed milk. It is prepared by evaporating 
milk in a water bath until the required consistency is reached ; 
this is then transferred to a rolling drum through which hot 
air is driven until it becomes a semi-solid mass. It is then 
pressed through a sieve, and the granules thus obtained are 
then reduced to powder. There are other methods, for in- 
stance passing milk between two revolving cyclinders heated 
internally by steam to 212° F. The milk forms a thin film 
and is quickly dried and then scraped off. Dried whole 
millr contains on an average about 26.8 per cent. Fat, 26.4 
per cent. Proteins, 37 . 8 per cent. Sugar, 5 . 8 per cent, minerals 
and 3.9 per cent. Water. By adding one part of dried milk 
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to 7 parts of warm water a fluid resembling fresh milk in all 
essential particulars with the odour and taste of boiled milk 
is obtained. Dried machine separated milk contains only 
about 1 per cent. fat. The advantages of dried milk are 
that desiccation reduces the bulk and weight and makes it 
easily transportable, the elimination of water removes the 
possibility of microbial activity, and unutilized milk which 
would go to waste is preserved. Dried milk keeps well but 
if stored for a long time in cardboard boxes it is liable to 
acquire a rancid taste due to oxidation of the fat. 

Dried milk is good for growing children and adults 
and is more easily digested by infants as the curd is more, 
flocculent and fairly divided than in fresh milk. Dried milk 
forms the basis of various proprietary foods, and is used in 
baking and confectionery trades. It is used in many food, 
combinations, e.g., with Cocoa, Eggs, etc. Recently the fat 
and non-fatty solids of milk are separately dehydrated, and 
milk can be reproduced by mixing the two products with 
water. The products keep better when thus separated. 

In the desiccation of milk, the salts of calcium and half 
of the lactalbumin are rendered insoluble, the ferments 
are destroyed and half the Vitamin C is destroyed but suffi- 
cient is left over to prevent scurvy in children. Milk sugar 
is unaffected. 

Boiled Milk. 

Eor domestic purposes milk, if boiled, will keep for a 
certain length of time. Boiling destroys all pathogenic germs, 
but sporing and certain highly resistant forms of bacteria 
may survive. By boiling, milk alters in taste due to the 
decom])osition of certain proteins and the loss of certain gases. 
Tlie following are the other changes which may occur :~ 

1. The fine emulsification of fat is partly destroyed and 

some of the fat globules coalesce, 

2. Salts of calciuih and magnesium and phosphates are 

precipitated, 
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3. Proteins and complex nitrogenous compounds are 

partly decomposed, 

4. TKe lactose is burnt, or “ Caramelised ” and becomes 

brownish in colour, 

5. Perments are destroyed, 

6. The germicidal power of milk is lost, 

7. Some of the Vitamins chiefly C are affected, 

S. Carbon dioxide is expelled. 

It has been, however, found experimentally that boiled 
milk does not suffer as regards its digestibility or nutritive 
value. 

When milk is heated in an open vessel to about 60° C 
and over, a pellicle consisting of coagidated casein and salts 
is formed, which if removed, is reformed. 

Pasteurised Milk. 

Pasteurisation is a term applied to a process of heating 
milk to a certain temperature below its boiling point, main- 
taining at that temperature for a certain period, sufficient 
to kill all the pathogenic and harmful bacteria without 
destroying the nutritive properties, and then chilling it 
rapidly. 99 per cent, of the Bacteria are killed by pasteuri- 
sation but certain spore bearing bacilli will survive and the 
toxins of the bacilli may not be destroyed. Opinions differ 
as to the length of time the milk should be exposed to a 
certain specified temperature. It is well-known that heating 
milk at 140° F (60° C.) for twenty minutes is sufficient to kill 
the bacilli of Tuberculosis, Typhoid. Dysentry, Cholera and 
all other non spore-bearing milk borne infections which affect 
man. For every degree above 140° F the time may be 
reduced by one minute; 

There are two main types of Pasteurisers devised. (1) 
Continuous flow (flash) pasteuriser in which the milk is 
heated for a minute to a temperature of 70°-80° C by allowing 
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it to flow in a tflin film on tfie outside of a steam coil and 
ttien cMlling it rapidly by passing it over cold metal. Tliia 
metbod is rapid and clieap but is not reliable as it does not 
give uniform results. 

(2) The Retainer Pasteuriser in which the milk is 
heated to 60“-65° C and held at that temperature in a 
suitable tank for thirty minutes and then rapidly cooled. 
This method is more satisfactory as the pathogenic bacteria 
are killed with certainty. The milk should be immediately 
bottled and sealed by machines, kept cooled, and promptly 
distributed, Tlie bottles should be cleaned by steam or 
scalding water. 

Milk can be pasteurised in ttie “ final container ” of 
milk bottles. The milk bottles are corked and sealed and 
placed in a water bath at 148°F for thirty minutes and then 
placed in ice. This method with some modification can be 
used for home pasteurisation. Pasteurisation is a preven- 
tive measure of the greatest importance and utility. It is 
the simplest, cheapest, and most reliable method of rendering 
milk safe. It does not alter the taste, appearance, flavour 
or food value of milk. It may increase its digestibility by 
rendering the curds smaller. It may, however, destroy a 
part of the Vitamin C. Pasteurisation, however, cannot 
atone for filth and insanitary methods of production and 
handling of milk. There have been no instances of milk 
borne epidemics being conveyed by pasteurised miUc. An 
objection raised against pasteurisation is that it encourages 
uncleanlines and carelessness in the production of milk but’ 
this idea is disapproved of by the experience that the miUr. 
supifly of large cities has improved with pasteurisation. 

Pasteurisation plants should be properly designed, 
well-run, and kept in a clean and efficient condition. There 
should be automatic temperature-control and temperature- 
recording arrangements. The thermometers and thermo-,, 
regulators should be checked from time to time and the 
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milk tested ckemicalty and bacteriologically every day to 
verify the effectiveness of the process. There must be 
proper and responsible supervision to ensure the proper 
working and cleanliness of the plant. 

There are various electric processes available which are 
supposed to render milk safe, without producing any of the 
detrimental effects on the quality of milk resulting from 
heating milk. Some of them are no more than “ flash ” 
pasteurisation plants, the heat being produced by electricity, 
and experimental proofs are still required to endorse the 
claims of the manufacturers of these commercial processes. 

Irradiated Milk. 

Ultra-violet irradiation of milk has been known to 
improve its antirachitic properties by increasing the amount 
of Vitamin D. It has been suggested that wholesale irradia- 
tion of milk should be undertaken to prevent rickets. Milk 
can be irradiated by exposing it within a closed quartz tube 
ox by allowing it to trickle in droplets down a gauze cylinder 
surrounding a long mercury vapour tube. Irradiation in 
an open vessel is objectionable as the colour becomes yellow, 
the taste disagreeable and a smell of ozone is imparted: besides 
over-exposure destroys vitamin D and the ferments and 
increases the clotting time with rennet. 

Irradiated milk has beneficial effects on anaemic children, 
the red blood count being considerably increased. Vitamin 
A is not destroyed, but the fate of vitamin C is doubtful but 
this is of no consequence as the amount is so little and 
unstable that milk can never be relied on as a source of 
vitamin C. 


Homogenized Milk. 

The fat globules in normal milk have a tendency to 
coalesce into tiny clusters or masses. In pasteurised milk 
specially after a long journey the fat will rise to the top 
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forming a butter like mass due to the shaking and jolting 
during transport. One customer will therefore get miUr 
very rich in fat and another with a great deficiency. 

In homogenization the milk is pumped at a temperature 
of about 75°C against a cone shaped agate stone at a pressure 
of a ton and a half to the square inch. The fat globules are 
thereby broken up into fine particles, which remain uniform- 
ly and permanently distributed throughout the milk and 
do not rise to the top to form butterlike masses. The cream 
will thus be evenly distributed and a rich quality of milk 
is thereby obtained. It is not possible to obtain cream and 
butter from homogenized milk. 

Sterilized Milk. 

Milk may be sterilised and thus protected from fermen- 
tation and decomposition by heating it to a very high tem- 
perature usually 120°C for 26 minutes. Milk properly 
sterilized and bottled will keep indefinitely ' and can be 
exported. If a sharp jerk is given to a bottle of sterilized 
milk a click will be caused by a water hammer knock, due 
to the vacuum formed in the bottle when the heated milk 
contracts during cooling. Some observers hold that children 
fed on sterilized miUc are likely to sufier from Scurvy and 
Bickets. Millr can also be sterilized by electricity and ultra- 
voilet rays. - • 

This method has not been found to be suitable for com- 
mercial purposes in India, for to sterihze milk it would be 
necessary to raise the temperature to a higher degree than 
that of boiling water, by heating it in sealed chambers under 
steam pressure. Such heating would .kill all germs and 
'their spores' but would alter materially the taste and appear- 
ance of milk. It has been found by analysis that ordinary 
sterile milk (sic) sold in the European markets is not “sterile 
at all but contains many varieties of bacteria. 
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Eefrigerated Milk. 

This is an excellent method of preserving clean milk 
for a considerable time and retaining its freshness and sub- 
stances. In this method if the milk is kept between 0°C to 
10°C, the bacteria in the milk are not killed but do not multi- 
ply to such an extent as they would in ordinary temperatures. 
In consequence it would prevent the increase of toxic products. 
It is therefore obvious that milk should be cooled at the 
place of collection and not after its transit to the milk vendors. 
Eefrigeration is now done in ocean going steamers, where- 
refrigerating chambers are provided. 

Milk is not necessarily safe because it has been kept 
at a very low temperature. It would depend on the initial 
number and kind of bacteria present. Eefrigeration cannot 
destroy the injurious bacteria or atone for filth. 

There are several forms of refrigerators now available 
which are very convenient for storing food stuffs at a'^iow 
temperature. The household ice-box may not on account 
of faulty construction, insufiiciency of ice, or carelessness, 
maintain a low temperature for any appreciable length of 
time. If placed near the kitchen stove or if the doors do 
not fit well, the temperature will rise and form a good 
incubator favouring bacterial growth. 

Graded Milk. 

Milk may be graded into certain classes according to 
the sanitary quality and nutritive value so as to enable the 
consumer to realise the standard of the milk he is consuming. 

The Committee of Milk Standards of the New York 
Milk Committee recommend three Grades — Grades A. B. and C. 

Grade A. — ^1. Eaw Milk — The milk must be from 
animals free from disease, and Tuberculin tested. The num- 
ber of microbes per c.c. should not be more than 10,000. 

2. Pasteurised Milk.— Bacterial count before pasteu- 
risation should not exceed 200,000 per c.c. and 10,000 after 
pasteurisation. 
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Grade B. — ^Tlie Bacterial count, should not exceed 
1,000,000 per c.c. and 50,000 per c.c. if pasteurised. 

Grade G. — ^Bacterial count is above 1,000,000 per c.c. 
and less than 50,000 after pasteurisation. 

In England b 7 the Milk (Special Designations) order 
1923, milk may be sold under the following designations. 
Certified, Grade A (Tuberculin Tested), Grade A, and Pas- 
teurised. 

Certified Milk— The milk must be from animal free from 
disease and tuberculin tested every 6 months. It must not 
contain more than 30,000 bacteria per c.c. nor Bacilli Ooli 
in. 1 c.c. and it must not at any stage be heated. 

Grade A {tuberouUn tested). — The milJc must be from 
animals free from disease and tuberculin tested every 6 months 
and must not contain more than 200,000 Bacteria per c.c. 
nor B. Coli in .01 c.c. 

• Grade A Milk.—The^ cows must be examined by the 
Veterinary Inspector every three months and the milk must 
not contain more than 200,000 Bacteria per c.c. nor any B., 
Ooli in .01 c.c. and must not be heated. If pasteurised, it 
must contain more than 30,000 Bacteria per c.c. nor B. Coli 
in .1 c.c. 

Pasteurised Milk.—TMQ mode of Pasteurisation is laid 
down and the milk must not contain more than 100,000 
Bacteria per c.c. 

Certified Milk. 

The term certified milk was first used in America to 
designate genuine and clean milk produced under the super- 
vision of the Medical Milk Commission who exercised a strict 
control over the sanitation of the dairy, examination of 
cattles by Veterinary Surgeon, Medical Supervision of the 
employees and Chemical and Bacteriological Exarnmation 
of the Milk. Eosenau defines certified milk as “the very 
best, tbe very freshest, the very cleanest, the very purest 
and the very safest raw milk.” 
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The dairies are periodically inspected and the milk 
frequently examined. The cattle must be free from any 
infectious disease or ailment or condition which will dete- 
riorate the milk, and must be proved free from Tubercle by 
the Tuberculin test. Special requirements for the housing 
of the animals in clean sanitary, well ventilated stables, and 
for the proper tending and feeding are laid down. The 
water supply must be proved to be pure and the employees 
free from any disease which may be conveyed through milk, 
and must not be carriers of Tuberculosis, Typhoid, etc. The 
Milk drawn under all sanitary precautions must be 
immediately cooled, to 4:5°F and placed in sterilised bottles 
and kept between 35°F and 45°F. 

Certified milk in America must not contain more than 
10,000 microbes per c.c. 

Dr. Joshi in his book has suggested the following three 
grades of milk for India. ^ 

1. First grade “ Certified ’’ Milk. — ^This should contain 
at least 6.6 per cent, fat and 9 per cent, non-fatty solids. 
The number of microbes per c.c. should not exceed 100,000. 

2. Second grade or “ ordinary ” market milk--It 
should contain at least 5 per cent, fat and 8 . 5 per cent, 
non-fatty solids. In the case of cow’s milk, the lowest 
limit of fat should be 3 . 5 per cent. The number of microbes 
per c.c. should not exceed 1,000,000. 

3. Third grade or “ Skimmed ” Milk. — ^This should 
contain at least 9 per cent, of total solids. All the three 
grades of milk must be pure, derived from healthy animals 
and free from dirt and adulteration as well as from Patho- 
genic Microbes. 

The Score Card System .— essentially an American 
idea. It is a card, wherein various marks are allotted to the 
equipment of dairies, e.g.,. construction of the stables, loca- 
tion, lighting, health of the animals, etc., and to the methods 
of milking adopted, e.g , cleanliness, handling of milk, etc. 
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About 40 points are alloted for equipment and 60 for methods. 
An inspector on inspecting a dairy assigns marks according 
to the efficiency, as an examiner corrects an examination 
paper, and from the total number of marks secured by a 
dairy an idea can be formed of its excellence. A dairy which 
is not provided with up to date equipments can score good 
marks by cleanliness, etc., in the methods adopted as 40 
marks are assigned for the former and 60 for the latter. 
The advantages of this system are that the Medical Officer 
of Health can from the Score Card judge the condition of the 
dairies and suggest improvements in the particular items 
in which the dairy has scored low marks. It would help 
in the certification of milk and enable ‘the public to sort 
out the good and the bad dairies. 

Frozen Milk. 

Recently milk has been frozen into solid blocks by a 
process, called the Cito-gel” process. This consists in 
spraying the milk into vessels which are kept in a freezing 
chamber, the temperature of which does not exoeed-25°G. 
As soon as the millc falls into the vessels, it gets frozen and 
solidified. Blocks of solid milk of any size may be prepared 
by this process, and besides preserving the milk the process 
enables transport of milk over long distances. The solid 
milk when exposed to air, takes from 4 to 24 hours depending 
on the size of the block to be defrosted. The defrosted 
millc shows no change in its appearance or taste or other 
•characters. The cream rises without difficulty and butter 
and ghee may be prepared from the same. The milk, in 
fact, behaves in the same way as before freezing. A block 
of miffi prepared in this .way was in good condition 9 weeks 
.after its preparation. 

The process has been successfully demonstrated in 
Bombay and if established -on a commercial basis, will enable 
the import, of miUc into Bombay from Gujerat and other 
parts of the country. 
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Peeparations from Milk. 

Cream.— WheD milk is allowed to stand undisturbed 
the fat globules rise to the surface, as their specific gravity 
is lower than that of the entire milk. This supernatant- 
layer of fat globules is called cream. Cream may also be 
obtained by mechanical means, by the use of a centrifugal 
separator, and this is done especially when cream is needed 
for commercial purposes. The colour of cream is yellowish 
white, due to lactochrome, but the commercial cream is- 
sometimes heightened in colour by means of annatto, The- 
amount of fat in domestically prepared cream varies accord- 
ing to the time Svhich has been allowed for its separation ; 
on an average it is about 18 per cent, but may range between.. 
40 and 50 per cent. 

Junket —I b prepared by the addition of rennet to milk 
and allowing to stand until it coagulates. It is composed 
of whey and curds and is largely used in the sick room. * 

Whey.— is, prepared by the addition of rennet or some 
•weak acid to some warmed milk and setting it aside until 
it is firmly coagulated. The coagulum is then cut into pieces 
and transferred to a muslin cloth and hung up and filtered 
through cloth. It forms a pleasant sweetish sour drink and 
contains all the soluble proteins (1.24 per cent.) mine sugar 
(4.45 per cent,), fat (0.2 per cent.), mineral salts (0.65 per 
cent.) and water (93.6 per cent.) If added in equal bulk 
to cow’s mine, it renders the composition of the milk nearly 
equal to that of human milk. Whey is recommended in. 
Enteric fevers, in catarrhal conditions of the alimentary 
canal and chronic renal diseases. 

Butter Milk.— is, the fluid which remains after butter 
is prepared, and is as useful as whey in dietetics. It contains 
more fat and proteins than whey. Butter milk contains- 
about 8 per cent, of milk solids. Butter milk prepared 
domestically is superior to that obtained from the separator,, 
as it is acid in reaction owing to the development of lacticr 
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acid during the “ripening” of the cream. It is most useful 
in cases of Gastro-Enteiitis as the casein forms hocculi which 
are more readily digested in the stomach. 

Fermented and sour milk . — When fresh miU?: is exposed 
to air, it absorbs some acid-forming bacteria which multiply 
in the milk and render it acid. The most common of these 
is the Bacillus acidi lactici ; it produces enzymes which act 
on the miUc-sugar converting it into glucose and galactose 
and finally into para and laevo lactic acid. The conversion 
of milk-sugar into lactic acid goes on continuously until it 
attains a proportion of 1 per cent, when the acidity formed 
checks further multiplication of bacteria and secretion of 
enzymes and the milk coagulates spontaneously. Sour milk 
is largely used in Diabetes, as it is practically sugar free, 
and in gout as it reduces the formation of toxins from nitro- 
genous foods. It is also useful in renal diseases. Sour milk, 
on account of the lactic acid it contains, exercises an anti- 
septic action on the alimentary canal and checks and 
arrests the growth of pathogenic and putrefactive bacteria. 
As developed in the sour milk, lactic acid has a more power- 
ful action than the lactic acid artificially prepared. Metch- 
nikoff strongly advocates the use of lactic acid organisms 
as a means of strengthening life by preventing fermentative 
changes going on in the alimentary canal. As a result of 
his teaching, artificially soured milk has come strongly in 
public favour and is being largely consumed. Several dairy 
companies sell sour milk thus prepared for immediate con- 
sumption ; it is prepared from pasteurised milk to which a 
culture of lactic acid organisms is added. 

Koumiss originally prepared in Russia from mare’s 
milk is now produced by the fermentation of cow’s milk 
by the addition of cane-sugar and yeast. It is easily digested 
and absorbed and is useful for invalids. 

Kephir is a similar drink prepared in the Caucasus by 
the addition of Kefir grains containing yeast and various 
micro-organisms to milk. 
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Mava.—l& desiccated milk ; it is prepared for com- 
mercial purposes by exposing milk in pans to a slow beat. 
It is sold in Indian bazzars in pieces and used in tbe pre- 
paration of sweets and ices. 

Basundi.~ls another preparation of milk. It is pre- 
pared in the same manner as Mawa, but tbe process stops 
when tbe milk bas come to a thick consistency : condiments 
are then added and well mixed. This makes a highly delicious 
preparation and is indulged in by the wealthy. It is exposed 
for sale in brass lotas, where it may be contaminated, or 
kept long enough to develop ptomaines. Instances have 
been known where whole families have suffered severely 
after indulging in this preparation. The symptoms "were of 
severe gastro-intestinal irritation not unlike Cholera. 

Butter— When the cream of milk is violently agitated 
in a suitable apparatus the fat globules coalesce entangling 
some of the serum and casein and form butter. The whitish 
liquid in which the particles of butter float is butter milk. 
The butter is then pressed to squeeze out some of the 
moisture and salt may be added to preserve it. 

The approximate constituents of butter are 


Fat . . 

83 per cent. 

Curd 

..1.0 

Ash . . 

.. 1.5 

Milk Sugar . . 

.. 1.0 

Water 

.. 13,0 


The legal limit in Bombay for moisture is 16 per cent. 
Butter fat consists of the glycerides of the fatty acids pal- 
mitic, stearic, and oleic which are insoluble in water, and 
also of the glycerides of certain fatty acids which are volatile 
and soluble in water principally Butyric acid. 

The great distinction between butter fat and animal or 
vegetable fats is that the former contains about 8 per cent, 
of volatile fats whilst the latter hardly | per cent. Fresh 
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butter contains a great number of micro-organisms and may 
contain tubercle bacilli, typhoid and other pathogenic bacilli. 
Butter turns acid and rancid in time due to the conversion of 
fat into fatty acids. This rancidity can be removed by 
washing the butter 'i^dth water to which soda bicarbonate has 
been added to neutralise the acidity. 

Genuine Butter and Ghee should have a Reichert Wollny 
figure of 24 and a Butyro Refractometer index of 40.5— 
44.2 at 40°C whereas vegetable oils and animal fats show a 
R. W. of less than 2 except cocoa-nut oil which has 8. Butter 
is very often adulterated with vegetable product (Hydro- 
genated Vegetable oils). 

Ghee . — Ghee is clarified butter and is largely used in 
India for the preparation of various kinds of food and sweet- 
meats. It is also taken along with rice, dhals, curries and 
other article of foods. 

It is prepared either from the milk of the cow or buffalo. 
The milk is first boiled and then curdled. After the lapse of 
about six hours, the curdled milk is churned, a little water 
being added so that the butter floats to the top. The butter 
is then collected, washed in water, and boiled in an iron pan 
placed over an open fire. The effect of this is to melt the 
butter, the casein and water falling to the bottom. The 
floating Ghee is then finally strained and stored in earthen- ware 
vessels or in tin cases. 

In Bombay most of the Ghee comes from certain places 
in Gujerat and Kathiawar, but there are certain premises 
in this city which are used for the manufacture of Ghee. They 
are situated in one locahty on the ground floors of dwelling 
houses in a thickly populated area. There is no preliminary 
manufacture of butter on these premises. Butter is brought 
in baskets from upcountry and melted on the premises. 
Genuine Ghee should be clear, white or slightly yellowish in 
appearance, and agreeable in odour. If it is dirty or has a 
rancid smell, it should be condemned. 
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Since tlie importation of vegetable product into India 
dbee is largely adulterated with it, very often wholesale 
fraud being committed by vegetable product being sold as 
<3rbee as it very much resembles it. 

Besides the hydrogenated vegetable oils, Ghee is also 
adulterated with animal fats, and hydrogenated fish oil 
e.g., Whale. 

Mar^arwe.— Vegetable or animal fats are melted, 
strained, cooled with ice and worked up with a little milk, 
artificially coloured and salted. The product is an article 
very much resembling butter. The vegetable oils used are 
cotton-seed, sesame, earth-nut, cocoanut, and animal fats, 
beef and mutton fats. 

Margarine is less digestible than butter and is deficient 
in vitamins. In England all foreign fats made to resemble 
butter, and whether mixed with butter or not must be labelled 
as Margarine. It is not legal to sell Margarine with more 
than 10 per cent, of Butter fat. 


Milk Supply of Bombay, 

About 300,000 pounds of milk are required daily for 
Bombay which amounts to 4 ozs. per head per day. 

The sources of milk supply of Bombay are the local, 
suburban, and up-country. There are 95 licensed milch cattle 
stables in the city with about 15,000 bufialoes stabled therein. 
These stables supply 83 per cent, of the requirement of the 
city and 17 per cent, is brought from outside. MiUr from the 
milch cattle in Bombay is either sold by individual vendors 
who hawk about from house to house or is sold by s^veetmeat 
sellers in milk-shops or is supplied by Dairies who act as 
^'middlemen.” The suburban supply is from the various 
villages along the two railway-lines. It is generally drawn 
under insanitary conditions and conveyed in the most primitive 
manner. There are no special milk trains or wagons, the 
milkmen placing their open milk cans under the dirty benches. 
Milk also comes from distant places like Poona. 
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The milk supply of Calcutta is obtained from three 
^sources:— (a) the adjoining country districts, (b) suburban, 
(c) local. In contrast to Bombay, there is a much larger 
number of cows than buffaloes. 

The milk supply of the other large cities in India is 
•somewhat on the same lines as Bombay and Calcutta but 
with few local differences. 

Dairy Industry in India. 

The Dairy Industry in India, with rare exceptions, 
is in a most deplorable condition. The milk trade is mostly 
in the hands of Gowlis whose ignorance and apathy are 
responsible for the deterioration of cattle and the primitive 
methods of collection and distribution adopted. 

The following causes are ascribed to the diminution in 
number of good cattle. (1) Lack of scientific breeding, 
(2) exportation of some of the good breeds to foreign coun- 
tries, (3) defective feeding and tending of animals, (4) slaugh- 
ter of ‘‘ dry ” animals in large cities, (5) periodical famines, 
(6) improper methods of rearing of calves. 

The condition of the cattle sheds in India as regards 
construction, ventilation, accommodation, and sanitation 
leaves much to be desired. The animals are usually huddled 
together in insanitary sheds, with hachha floors covered 
over Avith a thick layer of excreta of animals, and with no 
drainage, or if any, to a cesspool which is never emptied. 
In the Presidency towns however. Municipal by-laAvs are 
now- being brought into operation for the provision of proper 
sanitary stables with sufficient cubic space and accommodation 
for each animal, adequate drainage and proper conservancy 
under the supervision of the Health Department. 

The mode of collection and distribution of milk is per- 
functory. The milkmen may, or may not, wash or clean 
the udders or may only just throw water on them. The 
dust-laden tail, whisked about to drive away the flies, adds 
its quota to the milk. The hands of the milkman may be 
•full of dirt and without any attention to cleanliness, he 
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proceeds with the milking of the animal in any filthy corner 
of the stable. The milk-man may be a “ carrier ” of some 
disease. A brass vessel or lota receives the expressed milk, 
with all the dirt of the hands, udders, and tail added on to it. 
The vessel is usually covered along the edge with concentric 
rings of hay or straw promiscuously picked up from any- 
where. There is usually no lid, to prevent the ingress of 
dust and dirt. The vessels are either carried on the head 
of the hawkers or allowed to hang from a pole slung across 
the shoulder, and ultimately sold directly to the consumer 
or exposed for sale, without being covered up, m milk-shops 
by retail vendors where it may be further contaminated by 
flies and dirt. 

Remedial Measures. 

Whilst a pure and clean milk supply is a great boon 
and a blessing, an impure one is responsible for more sickness 
and mortality than any other food. Milk may undergo 
decomposition before it reaches the consumer or it may be 
contaminated with pathogenic microbes directly through 
pollution or indirectly through adulteration. A large number 
of diseases may thereby be conveyed through milk. The 
problem of producing, handling, tran sporting, and distributing 
milk in a clean and fresh state is • one of the most difficult 
and intricate problems which the Sanitarian has to tackle. 

The following points have, therefore, to be considered ; — 

(1) Improvement of milch cattle, (2) feeding, (3) housing 
and breeding of cattle, (4) collection, preservation, trans- 
portation and distribution of milk, (5) educational measures 
and (6) Legislative control. 

(1) Breed . — The quality and quantity of milk varies 
with the breed of the cattle and the production of a class 
of animals the female of which will be an excellent milker 
is a problem for the agricultural experts. In India there are 
various breeds with great differences in the composition of 
milk and systematic attempts should be made by the Agri- 
cultural Departments to improve the -milk producing quali- 
ties of Dairy cattle. 
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(2) Feeding . — ^Tlie quantity and quality of milk are 
largely dependent on tke amount and class of food given 
to tke cattle. Tliis, too, is a purely agricultural problem. 
The supply of an adequate amount of good fodder at a low 
cost and an abundant supply of water are essential for the 
rearing of cattle on economic lines. 

(3) Bousing and tending . — ^Housing and tending are 
important factors on which the quality of milk produced 
depends. The animals should be housed in sanitary stables 
with an efficient drainage and pure and abundant water 
supply, and should be protected from sun, rain and wind. 
The animals would be better looked after in the hands of 
careful individual Gowlis than in a large commercial Dairy 
farm, as the former would take greater interest in their 
animals.- The consensus of opinion is that the cattle should 
be shifted to the suburban villages near the railway line 
rather than be stabled in the city. 

The following advantages and disadvantages of the 
city and country for milch cattle stables are reproduced 
from Dr. Joshi’s “ Milk problem in Indian Cities” ; — 


(A) In the City. 


(Advantages.) 

1. Proper sanitary supervision 

and legislative control. 

2. Easier access. The milk has 

not to be transported a long 
distance. 

3. Greater likelihood of a pure 

and abundant supply of water, 
and better drainage. 


(Disadvantages.) 

1. Higher rents for stables, eiM. 

2. Feeding more expensive. 

3. Lack of exercise and fresh, air 

which are important for a 
good yield of milk. 

4. Waste of valuable manure. 

5. Insanitary and unhealthy sur- 

roimdings for the cattle. 

6. Nuisance or danger to human 

dwellings in the neighbour- 
hood. 

7. Too expensive for keeping dry 

animals and raising young 
stock. This leads to the 
slaughter of the dry animals 
and neglect in the rearing 
of calves. 

8. Milk is more likely to be 

contaminated with dirt, dnst, 
bacteria, etc. 
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(B) In the Countey. 

(Advantages.) 

1. More economical. 

2. Possible to raise one’s oim 

iodder. 

3. Grazing and exercise in the 

fresh air which slightly im- 
prove the yield of milk. 

4. Manure can b© utilized for 

“ intensive ” farming. 

6. More natural and healthy 
surroundings. 

6. In epidemics, isolation of cattle 

is easier. 

7. Milk is less likely to be con- 

taminated with pathogenic 
bacteria, dirt and dust. 

8. The taste of the milk is better 

in the country than in the 
city. 

9. Scientific breeding can be 

undertaken. 

10. Cheaper to maintain dry 
animals and raise young 
stock. 

Peoduotion and Collection. 

For tlie production and collection oi clean milk 
scrupulons attention must be paid to tbe process of milking to 
avoid tbe admittance of any dust, dirt and bacteria. Tbe 
ammal must not be milked in tlie same place wKere it is 
tetbered but in a special, clean, well lighted sanitary milk 
shed. Each animal must be washed thoroughly before 
milking, specially the udders, tails and surrounding parts. 
Greater the care at the time of milking, the longer the milk 
will last. The hands and clothing of the milker must be 
quite clean and all the sanitary precautions against sneezing, 
coughing, spitting should be rigi^y observed. The milkman 
should not be a carrier of Tuberculosis, Typhoid, etc. The 
milk pails should be washed with washing soda and water 
and then cleaned with boiling water before use. From the 
milk pails the milk is collected into large cans and then cooled 
or pasteurised according to the distance it has to travel, and 
bottled and sealed. To obviate the contamination of the 


(TUsaavantages.; 

Lack of proper sanitary super- 
vision and control. 

Tbe water-supply is likely to 
be scanty and bad. 

The chances of adulteration 
with w’ater during transit are 
perhaps greater. 

The cost of preserving milk 
(by pasteurisation, etc.), for 
long distances, and the diffi- 
culty of rapid and cheap 
transit to the city. 
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milk from Immaii source, milk macliiiies are' used abroad as a 
substitute for baud milking. If milk bas to come from 
tbe country, there must be facilities for cheap and rapid 
transit in motors or waggons. In railway trains there should 
be cooling compartments with plants for maintaining a low 
temperature during travelling. The milk will finally find 
its way to the home directly or through the milk depot or 
shop. In both these places there is a possibility of milk 
being contaminated and special care is therefore required to 
prevent the entry of dust and dirt. 

Distribution. 

The problem of distribution of milk is, if anything 
more difficult than that of production. If the purveying of 
milk is left in the hands of petty iudividual dealers it is 
difficult for the Health Officer to exert any strict supervision, 
and it is impossible to stop adulteration. From the 
sanitary, economic, and administrative points of view it would 
be easier to control a few large concerns, e.g., Co-operative 
Societies or large private concerns than petty vendors. The 
milkmen should be induced to leave the city and shift their 
cattle to sanitary stables in the suburbs where milk can be 
produced on more economical and natural conditions. Ilhey 
should be organised into one or more co-operative societies 
which could collect the milk in bulk under hygienic control 
and transport it to the city under ideal conditions. The 
societies would be able to engage competent staff and pur- 
chase all the modern implements, plants and modes of trans- 
port. The Co-operative Society could further help the Gowli 
with loans at low rate of interest, afford them facilities to 
buy good food at cheap rates, improve the breed of cattle, 
take care of the dry cattle, and supervise over the sanitation 
of the stables. 

Private companies with large capital could also take 
up the city milk trade buying milk from the indigenous 
producers. It would not be, advisable for any company to 
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take up Dairy Earming on a large scale as it is not likely 
to "be successful. 


Educational Measures. 

Tke public must be educated through lectures, demons- 
trations, exhibitions, and the press regarding the danger to 
health of an impure milk supply and the precautions to be 
taken in handling millc. It is only when they demand and 
insist on wholesome milk will the supply of pure milk be 
forthcoming. A great educational campaign must also be 
undertaken to overcome the ignorance and prejudices of the 
Indian milkmen and to teach them the modern methods of 
economic and sanitary milk production. 

Legislative Control. 

The hands of the Public Health Department should 
' be strengthened so as to enable it to exert an efficient sanitary 
and legal control on the production and distribution of milk, 
and organise generally the milk trade. Bye-laws regulating 
the location and the sanitary requirements for the housing 
of milch cattle, control over the production, transit and 
dis^ibution of milk through licenses and permits, bacterio- 
logical examination of the milk supply with a view to checking 
adulteration and the addition of preservatives, an efficient 
system of inspection through milk Inspectors and Veterinary 
Surgeons, are some of the directions in which improvement 
is gradually being made in the large cities of India. The 
organisation of suitable agencies, e.g.. Co-operative Societies, 
private companies with capital for the collection and distri- 
bution of milk, and the provision of improved facilities and 
the cheap and sanitary transport of milk from the suburbs 
are the lines on which the future improvement of the m ilk 
trade in India should he centred as to ensure a clean, pure 
and cheap milk supply. 



CHAPTER VII. 

SOILS AND BUILDINC SITES. 

Soil, from a sanitary point of view, is defined by Parkes 
as that portion of tke crust of the earth which by any 
property or condition can aJffect health. It is divided into 
{a) the surface soil, and (6) the suh-soil. 

A perfectly pure soil would consist of certain mineral 
matters, the result of the weathering or decay of the 
subjacent rocks. Soil contains in addition organic matter of 
both vegetable and animal origin, air and water. 

The physical and chemical constitution of the soil, 
and the configuration of its surface have an important bearing' 
on many sanitary questions, such as water-supply, burial 
grounds, sewage land treatment, sites for buildings, and the 
prevalence of certain diseases. 

Ground-air. 

The air in the soil or ground-air varies in amount pri- 
marily according to the density of the soil. The very hardest 
rocks such as basalt contain no air, loose sand may contain 
SO per cent., whilst between these two extremes, there are 
all possible variations in amount. Loose dry soil freshly 
ploughed, such as we commonly see in this country, may 
contain as much as ten times its own volume of air. It lies 
above the ground-water level and fills all the space unoccupied 
by water or solid particles. 

The ground-air is generally impure. It contains mois- 
ture, and sometimes ammonia, sulphuretted hydrogen, and 
marsh gas due to decomposition of organic matter of animal 
and vegetable origin. It is specially rich in CO 2 , and in 
addition it may carry upwards with it, numerous micro- 
organisms from their breeding place in the sod. In the 
neighbourhood of houses, the foulness of the ground-air is 
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often due to contaminations from leaking cesspools, sewers 
and drains, and sometimes this pollution may be dangerous 
owing to infected excretions. 

The ground-air is in continual movement owing to (a) 
the variations in the diurnal temperature wbicb cause diff- 
erences between the soil and atmospheric temperature, so that 
the air passes from the warmer to the colder medium, which- 
ever it may be ; (6) the permeability of the soil, the movement 
being very free in loose soils, and much less so in the hard 
rocky soils ; and (c) the varying levels of the ground-water, and 
the occasional fall of rain, both of which naturally displace 
air from the interstices of the soil. The understanding of 
these movements of the ground-air is of great importance, 
because in addition to excess of CO 2 and ordinary organic 
effluvia, serious and dangerous pollution from leaky cesspools 
and drains occurs, as mentioned above, and owing to the 
defective structure of an ordinary house, such tainted air is 
likely to enter the budding. Many houses have deep founda- 
tion excavated often in close proximity to leaking sewers 
or cesspools. The ground floors of such houses have generally 
a pervious fioor of earth, brick, or badly pointed stones, 
through which, owing to the high temperature in the house 
the ground-air is actually sucked in, and ascends to supply 
the various rooms. It will therefore not be considered sur- 
prising, that many attacks of diseases of insidious or inexpli- 
cable nature, are likely to occur among the inmates of such 
houses. 

Geound-watee. 

In a porous soil, at a certain point below the surface, 
all the pores are full of water, to the complete exclusion of 
air. This ground or sub-soil water extends downwards to 
the next impermeable layer. In marshy ground the sub-soil 
water may reach the ground level. In ordinary conditions 
its level may vary from 2 to 3 to 100 feet or more below 
the surface of the ground. The level of the sub-soil water 
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is not necessarily horizontal or parallel with that of the 
ground. Its usual flow is in the direction of the nearest 
water-course or sea, and the velocity of its flow depends on 
the porosity or permeability of the soil, the steepness of the 
gradient, and the absence of obstruction caused by roots of 
trees. The principal source of this ground-#ater, is that 
portion of the rain which percolates into the soil. Hence 
its level is affected by rainfall, also by the height of water 
in adjoining streams or rivers or seas, and other conditions 
modifying the facility of outflow, such as artificial drainage. 
In this country the level probably varies from 5 feet during 
the rains to about 20 feet at the end of the hot weather,, 
but there are doubtless many exceptions to this. 

The soil though aerated above the level of the sub-soil 
water, is kept moist by capillary attraction, by evaporation 
from below, by rainfall, and by the movements of the ground- 
water. When the ground-water rises, it forces the air out 
of the soil, and at the same time, may contaminate wells 
by introduoing into them the impurities of polluted soil. 
As the ground-water falls again, it leaves the soil moist and 
full of air, and thus brings about conditions favourable for 
fermentative and putrefactive processes in organically pollu- 
ted soil. 

The most important property possessed by soil, owing to . 
the presence in it of micro-organisms is that of nitrijimtim, 
whereby organic matter is split up into its simplest consti- 
tuents, so as to be readily made use of by vegetation. Plants 
are unable to obtain then supply of nitrogen direct from 
complex organic bodies, but owing to the action of bacteria, 
these are so decomposed, that their nitrogen becomes con- 
verted into ammonia, and thence into nitrites and nitrates, 
in which form plants can take up their required nitrogen. 
Although a large number of the mho-organisms present in 
the upper layers of the soil are harmless, still certain 
bacilli which are capable of producing disease in man are 
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oicoasionally met with in the earth. The chief of these are 
the bacilli of tetanus, anthrax, glanders, enteric fever, and 
malignant cedema. 

Soil in relation to disease causation . — -TeUnric conditions 
axe closely connected with certain specific diseases, such as 
anthrax, tetanus, malaria, enteric fever, diarrhoea, and cholera. 
In the case of anthrax and tetanus, the soil infection has its 
source in infected dung. Dampness of soil is also favourable 
to phthisis and diphtheria. There are endemic areas in which 
cholera, diarrhoea, and enteric fever prevail, particularly 
where the soil is polluted with excremental matter. This 
fact in itself is strongly suggestive of telluric relations in 
regard to these diseases. Another way in which sub-soil 
water may produce these diseases, is by polluting the water 
used for drinldng purposes, with their specific organisms. 
The intimate connection between moisture of soil and phthisis 
is proved by the fact, that in those towns where damp soils 
have been drained, so as to permanently lower the level of 
the ground-water, the deaths from this disease have been 
greatly reduced. 

The connection between malaria and damp marshy 
soils capable of holding stagnant water in which Anopheles 
mosquitoes can breed is well known. Prior to the researches 
of Sir Ronald Ross and others, that the Anopheles mosquito 
is the carrier of the parasites of malaria, it was believed that 
this disease was due to a miasma given off from the soil in a 
marshy place. There is no doubt a certain amount of truth 
in this supposition. Malaria is due to a miasma, but the 
miasma is not a gas or a vapour, but a living insect. The 
germs of malaria do not live in the marsh. It is the carriers 
of the germs which live there. It was Laveran who showed 
in the year 1880, that the “ poison” of malaria consists of 
innumerable, minute, protozoal parasites of the blood 
corpuscles. Since then, it has been shown by numbers of 
observations made in many parts of the world, that these 
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parasites pass aiiotlier phase of their existence in the Anojpheles 
mosquitoes, which in the natural course of events communi- 
cate them from the sick to the healthy, by means of their 
bites. Animal parasites particularly hook-worm, and several 
other intestinal worms are deposited on the soil and re-infeot 
man during one of the stages of their life cycle. 

Choice of Sites for Houses. 

This may be considered under three heads: (1) the 
aspect or exposure of the site to wind, light, and air ; (2) the 
actual nature or character of the sod ; (3) the surroundings 
of the site. 

1. In regard to the aspect of any site, there are no two 
opinions that the brightest and most airy house is generally 
the healthiest. But it is desirable to avoid exposure to a 
prevailing cold wind, by securiag shelter from it by means of 
a belt of trees, or some rising ground. 

2 . As regards the character of the ground or sod on which 
it is intended to build a house, the aim should be to secure 
either a naturally dry soil, or one which can be easily drained, 
and into which the drainage from other sites does not, or is 
not likely to flow. For this reason all low-lying swamps 
and hollows should be avoided. If the area is generally flat 
or level, every advantage should be taken of any slight eleva- 
tion in order that the house may be built as high as possible. 
If on the other hand the country is hilly, the actual slopes 
or sides of a hill are undesirable. The banks of rivers, unless 
well raised above the highest level of the water, should be 
avoided. Such localities are difficult to be drained, are 
usually very damp, and liable to be flooded in the monsoon 
months. So far as the nature of the soil is concerned, it 
ought to be porous such as gravel or sand, which does not 
retain any moisture. The next best soils are the various 
kinds of rocks, such as granites, clay, slates, limestones, 
sandstones, and chalk. They have always a good slope, and 
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drain easily. Tie loams and stiff clays are, as a rule, bad 
sites as they are damp. They can however be made healthy 
by adequate drainage. Pure chalk being permeable, makes 
a healthy site. But if the chalk be mixed with clay 
(marl), or be underlaid with clay, it becomes impermeable 
and damp. # 

The worst soils are the shallow beds of gravel or sand 
lying on clay ; they are usually water-logged. The same 
remark applies to reclaimed lands near the mouth of rivers, 
and the alluvial tracts, which consist of materials that are 
the deposit or sludge from rivers. These alluvial soils are 
almost invariably unhealthy not only on account of their 
dampness, but also on account of the large quantity of or- 
ganic matter which they contain. They are credited with 
producing rheumatism, catarrhs, and neuralgia. “ Made 
soil ” i.e. soil obtained by filling up with refuse low-lying 
land, tanks, hollows, etc., should never be chosen. It 
is certainly unsafe to build upon any such “ made soil,” until 
the rubbish of which it is so largely composed, has been 
exposed to the action of the sun and air for a number of years. 
Even then, the dwelling bruit upon it should have an air- 
proof basement of concrete or some impermeable material. 
The concrete should be from 4 to 6 inches thick. If this 
should prove expensive, a layer of well-puddled clay is the 
next best thing, or a boarded floor basement should be used, 
leaving a space of at least 9 inches between the under surface 
of the board and the ground surface. Another plan is to 
raise the budding on arches to keep it sufficiently clear of 
the ground. The object in all these cases is to disconnect 
the ground-air from the air of the houses. 

One of the most important points to be noticed in all 
sites is the distance of the ^ound- water from the surface. It 
ought not to be nearer the surface than 10 feet, but a depth 
of 15 to 20 feet below the surface would be decidedly prefer- 
able. Erequent, sudden, and extensive changes of water-level 
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are iinliealtliy. Therefore a place wliere the level of the 
water in a neighhoirring well is apt to rise and fall a good deal, 
is not a good site. 

'Besides excluding the foul ground-air of “made soils” 
from houses built on them, measures should'^he taken to 
prevent damp from rising in the walls of all houses, hy capil- 
lary attraction, by inserting what is known as a “ damp- 
proof course”. It consists of a continuous layer or course 
of impervious material, such as slate, glazed earthenware, 
vitrified bricks, or hydraulic cement laid horizontally for the 
entire thickness of each wall, above the highest point at which 
the wall is in contact with the earth and below the lowest 
timbers or floor supports. The walls of no room or cellar 
should be in direct contact with the soil. This can usually 
be done by digging away the earth on the outside to below the 
level of the floor, so as to form a “ dry area Another 
plan is to make the wall hollow up to a point above 
the ground level, and then insert two damp-proof courses, 
one at the bottom of the hollow and below the floor level, 
the other at the top of the hollow, and therefore above the 
outside ground level. In this way the inner wall is completely 
isolated from the soil. 

3. In regard to the third point in connection with the 
choice of sites for houses, viz., their surroundings, it is neces- 
sary to see that the soil or sub-soil is not being fouled by the 
drainage of any neighbouring building. Thus when one 
house is located at a lower level than another in its vicinity, 
it is likely to sufier from the effects of the drainage from the 
one above. Ho heaps of refuse or manure or other collection 
of decaying matter should be near the site. The immediate 
neighbourhood of sewage farms, factories, grav(' yards and 
marshes should be avoided. The irrigation of adjoining 
land as a rule makes a site less healthy than it ought to be, 
as it raises the level of the ground-water. 
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Improvement op Unhealthy Soils. 

Tlie two prmoipal causes of unliealtliiness of soils are 
dampness and the presence of decaying organic matter. The 
former can he mitigated hy drainage, and the latter hy oxida- 
tion and vegetation. Drainage should be both surface and 
sub-soil. Surface drainage serves the purpose of carrying 
of rain water with some surface impurities, instead of allowing 
it to sink into the soil, and thus preventing a rise in the level 
of the sub-soil water. Sub-soil drainage is efected either 
by means of deep drains, or by unglazed porous earthenware 
pipes placed at varying depths of from 1 to 3 feet below the 
soil-surface and about sis feet apart. In this way it pro- 
vides for the removal of water contained in the soil, or for 
lowering the level of the sub-soil water. 

Oxidation of organic matter in the soil is promoted by 
free access of air, and by drainage which allows air to per- 
meate the soil. The removal of brushwood and regular 
tillage, considerably aid this action. The influence of vegeta- 
tion in purifying and improving soil is of a threefold nature. 
Firstly, trees keep the surface of the ground cool by protect- 
ing it from the sun, thus diminishing exhalation from the 
son. Secondly, they promote dryness of the soil and coolness 
of air in damp places, by taking up moisture by means of their 
roots and evaporating it through their leaves. And thirdly, 
they feed upon matters which pollute the soil and the air, 
and thus act as purifying agents. It has been calculated that 
an oak-tree evaporates eight and a half times the rainfall 
over the area it occupies, and the Eucalyptus tree absorbs 
and evaporates eleven times this amount. The sacred tree 
of the Hindus, viz., Tidslii — Ocimum Sanctum — is said to be a 
good absorber of moisture, and the date palm or toddy tree 
also enjoys the same reputation. 

Dry cultivation and regular ploughing of the land are 
always beneficial. The cultivation of “ wet crops ” such as 
sugarcane in the vicinity of houses, is not favourable to health, 
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because such crops require a large quantity of manure and 
water for tbeir food and growth. An unhealthy low-lying 
damp soil can also be improved by raising its level, by reclaim- 
ing it with clean earth. 

After the securing of a suitable site, the next thing is 
to see that the building proposed to be erected on it is so 
built as to be considered healthy. A healthy dwelling must 
satisfy the following conditions - 

(1) A site dry and not organically polluted, and an 

aspect which affords light and cheerfulness. 

(2) A ventilation which removes all respiratory and 

other impurities. 

(3) A pure supply of water. 

(4) A system of immediate and perfect sewage removal, 

which shall render it impossible that the air shall 
be contaminated by excreta. 

(6) A construction of the house which shall ensure per- 
fect dryness of the foundations, walls, and roof. 

(6) A construction such as will be amply sufficient to 
protect from the direct heat of the sun’s rays, and 
to ensure reasonable coolness of the house at all 
hours. This last-mentioned condition is parti- 
cularly applicable to buildings in this country. 


CHAPTER VIII. • 

Ikpbctious Diseases and their Prevention. 

UEder tlie heading of ‘Infectious Diseases’ are included 
diseases communicable from man to man and from animal 
to man. 

Tbe list of sucb diseases in India includes many wliicli are 
not met with in European countries. A knowledge of tbe 
causes and tbe way in wbicb sucb diseases are communi- 
cated is a necessary part of tbe education of the Sanitary 
Official, whether he be the Health Officer or tbe Sanitary 
Inspector. 

Laws for the Prevention op Infectious Diseases. 

The Acts relating to the prevention of infectious diseases 
in England are : — 

The Notification of Infectious Diseases Act, 1889, and the Infectious 
Diseases Prevention Act, 1890, P. H. (Tuberculosis) Regulations, 1912, 
1921 and 1924 ; and P. H. (Tuberculosis) Act, 1921. The first deals 
■with the compulsory notification, by a medical practitioner to the Medical 
Officer of Health, as soon as he becomes a-ware of any such case and by the 
head of the family or nearest relative, and relates to Small-pox, Typhoid 
(Enteric), Tuberculosis, Typhus, Cholera, Scarlet Eever, Diphtheria, Croup 
and Erysipelas and sometimes Measles, Relapsing Eever, Puerperal Fever 
and Phthisis, for which a fee of 2s. M. is paid for every notification by a 
medical man in practice and Is. 6d. for every case occurring in a public 
institution. The second relates to the prevention of the spread of disease 
by milk and the disinfecting of premises and clothes and the letting of 
houses in which cases of infectious diseases occurred and the disposal of 
bodies of persons dying of infectious disease. 

The Public Health Act, 1875, also provides for the provision of hospital 
accommodation for infectious diseases and the compulsory removal thereto 
of cases of such diseases. 

The Tuberculosis regulations provide for the notification and 
control of Tuberculosis in all its forms. 

The Ministry of Health may at any time declare other diseases 
notifiable and issue special orders for the control of Plague, Cholera, etc. 

In India the laws relating to the prevention of infectious diseases are 
framed on the above hut the -wording is different and the diseases arc not 
always specified, the words “ any dangerous diseases ” being used. 
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The Bombay Municipal Act eelating to 
Infectious Diseases. 


Section 421. Every medical practitioner who treats or becomes 
cognisant of the existence of any dangerous disease in any private or public 
dwelling other than a public hospital, shall give information of the same 
with the least practicable delay to the Executive Health Officer. The said 
information shall be communicated in such form and with such details 
as the Executive Health Officer, with the consent of the Commissioner, 
may from time to time require. 

N.B . — The form used for notification in Bombay is given on the next 
page. 

Section 422. The Commissioner may at any time, by day or by night, 
without notice, or after giving such notice of his intention as shall, in the 
circumstances, appear to him to be reasonable, inspect any place in which 
any dangerous disease is reputed or suspected to exist, and take such 
measures as he shall think fit to prevent the spread of the said disease 
beyond such place. 

423. (1) If it shall appear to the Commissioner that the water in any 
well, tank or other place is likely, if used for drinking, to engender or cause 
the spread of any dangerous disease, he may, by public notice, prohibit 
the removal or use of the said water for the purpose of drinking, 

(2) No person shall remove or use for the purpose of drinking any 
water in respect of which any such public notice has been issued. 

424. (1) The Commissioner or any police officer empowered by him 
in this behalf may, on a certificate signed by the Executive Health Officer 
or by any duly qualified medical practitioner, direct or cause the removal 
of any person who is, in the opinion of such Executive Health Officer or 
other medical practitioner, without proper lodging or accommodation, 
or who is lodged in a building occupied by more than one family, and who 
is suffering from a dangerous disease, to any hospital or place at which 
patients suffering from the said disease are received for medical treatment. 


(2) The person, if any, who has charge of a person in respect of whom 
an order is made under sub-section (1), shall obey such order. 

The certificate is usually in the following form : — • 


I do hereby certify that in my opinion (Full name and race of patient 

to whom the certificate relates) — 

is without proper lodging or accommodation, (lodged in a building 
occupied by more than one family) and is suffering from a dangerous 
disease, namely 


Place and\ 
Date. J 


Health Officer. 

ignature . j^edical Practitioner. 
Order 
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On the certificate of dated 

— — 193 , I do hereby, pursuant to the 

provision of section 424 (1) of the City of Bombay Municipal Act, 1888, 

direct the removal of 

■who is certified to be suffering from the disease of ^to 

being a hospital or place at which patients suffering 

from the disease of are received for medical 

treatment. 

Municipal Oommissioner. 

Municipal Officer (empowered under §68) 
Police Officer.] 

Section 425. (1) If the Commissioner is of opinion that the cleansing 
or disinfecting of a building, or of a part of a building, or of any article 
therein likely to retain infection, would tend to prevent or check the 
spread of any dangerous disease, he may, by ■written notice, require the 
o^wner or occupier of such building to cleanse or disinfect such building 
or part thereof or article therein and, if it shall appear to the Oommissioner 
necessary, to vacate the said building for such time as shall be prescribed 
in the said notice. 

(2) Provided that, if, in the opinion of the Commissioner, the o^wner 
or occupier is from poverty or other cause unable effectually to comply 
with such requisition, the Oommissioner may cause the building or part 
of the building or article lilcely to retain infection to be cleansed or disin- 
fected and defray the cost of so doing. 

[The notice under section 425 (1) is in the follo^wing form : — 

To 

The OwJTER OR OccupiEE of building No. Street. 

Whereas I am of opinion that the cleansing and disinfecting of 
the abovementioned building will tend to prevent or check the spread of a 
dangerous disease, namely, ^ 

and it appears to mo necessary that such building be temporarily vacated. 
Now in exercise of the power in this behalf conferred on me by section 
425 (1) of the City of Bombay Municipal Act, 1888, I do hereby require 
you to cleanse and disinfect the said building within days from 

the service hereof, and within the said period to vacate the said building 
and not to re- occupy the same until after the expiration of from 

the date on which the same shall be fully vacated as aforesaid. 

Place and"] Municipal Commissioner. 

Date [-Signature : Municipal Officer. 

J Police Officer. 


,36 
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Section 426, (1) If the Commissioner is of opinion that the des- 
truction of any hut or shed is necessary to prevent the spread of any 
dangerous disease he may, after giving to the owner or occupier of such 
hut or shed such previous notice of Ms intention as may, in the circum- 
stances of the case appear to Mm reasonable, take measures for having 
such hut or shed and all the materials thereof destroyed. 

(2) Compensation may be paid by the Commissioner, in any case 
which he tMnks fit, to any person who sustains substantial loss by the 
destruction of any such hut or shed ; but except as so allowed by the 
Commissioner, no claim for compensation shall lie for any loss or damage 
caused by any exercise of the power conferred by tliis section. 

427. (1) The Commissioner may provide a place, with all necessary 
apparatus and attendance, for the disinfection of clothing, bedding or nth, or 
articles which have become infected, and in Ms discretion may have articles 
brought to such place for disinfection, disinfected on payment of sueh 
fees as he shall from time to time fix, with the approval of the Standing 
Committee, in this behalf, or, in any case in which he thinks fit, free of 
charge. 

(2) The Commissioner may, from time to time, by public notice 
appoint a place at which clothing, bedding or other articles which have 
been exposed to iitfection from any dangerous disease may be washed ; 
and no person shall wash any such article at any place not so appointed 
without having previously disinfected the same. 

(3) The Commissioner may direct the disinfection or destruction of 
bedding, clothing or other articles likely to retain infection. 

(4) The Commissioner may, in his discretion, give compensation for 
any articles destroyed under sub-section (3). 

428. (1) No person who is suffering from a dangerous disease shall 
enter a public conveyance without previously notifying to the owner, 
driver or person in charge of such conveyance that he is so suffering. 

(2) Notwithstanding anything contained in any Act relating to jmblic 
conveyances for the time being in force, no owner or driver or person in 
charge of a public conveyance shall be bound to carry any person suffering 
as aforesaid in such conveyance unless payment or tender of .siifiieient 
compensation for the loss and expenses he must incur in disinfecting such 
conveyance is first of all made to tn'm 

429. The Commissioner, with the sanction of the Corporation, may 
provide and maintain suitable conveyances for the free carriage of persons 
suffering from any dangerous disease ; and when such conveyances have 
been provided, it shall not be lawful to convey any such person by any 
other public conveyance. 

430. (1) No person who is suffering from a dangerous disease shall, — 

(a) without proper precaution against spreading sueh 
disease, cause or suffer himself to be carried in a public 
conveyance ; 
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(b) cause or suffer himself to be carried in a public convey- 
ance contrary to the provisions of the last preceding 
section. 

{'2) No person shall go in company -with, or take charge of, any person 
sulfering as aforesaid, who causes or permits himself to be carried in a 
public conveyance in contravention of sub-section (1). 

(3) No owner or driver or person in charge of a public conveyance 
shall knowingly carry or permit to be carried in such conveyance any 
person suffering as aforesaid, in contravention of the said sub-section. 

•431. The owner, driver or person in charge of a public conveyance in 
which any iierson suffering as aforesaid has been carried, shall immediately 
provide for the disinfection of the same. 

432. (1) No person shsill, without previous disinfection of the same, 
give, lend, sell, transmit or otherwise dispose of any articles which he knows 
or has reason to know has been exposed to infection from any dangerous 
disease : 

(2) Nothing in this section shall be deemed to apply to a person who 
transmits, with proper procautioirs, any such article for the purpose of 
having the same disinfected. 

433. (1) No parson shall let a building or any part of a building, in 
which he knows or has reason to know that a person has been suffering 
from a dangerous disease, without first having such building or part thereof 
and every article therein likely to retain infection disinfected to the satis- 
faction of the Executive Health Officer or of some duly qualified medical 
practitioner, as testified by such officer’s or medical practitioner’s 
■certificate. 

(2) For the purpose of this section, the keeper of a hotel or inn shall 
be deemed to let part of his building to any i)erson accommodated in such 
hotel or inn. 

Special Sanitary 2ieasures. 

Section 434. (1) In the event of the city being at any time visited or 

threatened with an outbreak of any dangerous disease, or in the event of 
any infectious disease breaking out or being likely to be introduced into 
the city amongst cattle, including under this expression sheep and goats, 
the Commissioner, if he thinks the ordinary provisions of this Act or of 
any other law at the time in force are insufficient for the purpose, may 
with the sanction of Government, 

(a) take such special measures, and 

(b) by public notice jirescribe such temporary regulations to he 
observed by the public or by any person or class of persons, 

as he shall deem necessary to prevent the outbreak of such disease or the 
spread thereof. 

(2) The Commissioner shall forthwith report to the Corporation any 
measures taken and any regulation.? i)rescribed by him under sub- 
section (1). 
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450. (1) In the case of a person avIio has been attended in his last 
illness by a duly qualified medical practitioner, that practitioner shall sign 
and forward to the Commissioner a certificate of the cause of such person'.s 
death in the form of Schedule P, or in such other form as shall from time 
to time be prescribed by the Commissioner in this behalf, and the cause of 
death as stated in such certificate shall be entered in the register, together 
with the name of the certifying medical practitioner. 

(2) The Commissioner shall provide printed forms of the said 
certificates, and any duly qualified medical practitioner resident in the 
City shall be supplied, on application, with such forms, free of charge. 

The Infectious Diseases in India and the 
Tropics include 


Infections, contagious or 

Convoyed by 

inoculable. 

Insects. 

Cholera. 

Malaria. 

Dy.9entery. 

Eelap.sing Fever. 

Tuberculosis. 

Plague. 

Small-pox. 1 

Dengue. 

Anthrax. j 

Filariasis and 

Leprosy. 

Elephantiasis. 

Erysipelas. 

Kala Azar and Oriental Sore. 

Typhoid Fever. 

Yellow Fever. 

T 5 rphus Fever. 

Sleeping Sickness. 

j 

Measles. 

Whooping Gough. 

Diphtheria. 

Scarlet Fever. 

Malta Fever. 

Chicken-pox. 

Influenza. 

Puerperal Fever. 

Epidemic Pneumonia 

Mump.s. 

Tetanus. ' 

Actinomycosis. \ 

Glanders. ; 

Hydrophobia. ! 

Cerebro-S])inal Meningitis. | 



Kocli lias laid down certain conditions as to the microbial 
origin of communicable diseases, viz.:— 


(1) Tlie micro-organism must be found in the blood, 
lymph or diseased tissues of man or animal 
suffering from or dead of the disease. 
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(2) TLe micro-organism must be isolated and culti- 

vated ill suitable media outside the animal body, 
for any number of successive generations. 

(3) A pure cultivation thus obtained must, when 

introduced into the body of a healthy susceptible 
animal, produce the same disease. 

(4) In the blood or tissues of inoculated animal the 

same micro-organism must again be found. 

The first stage in the course of the disease is the “ infec- 
tion ” or the introduction of the germs of the disease into 
the body. The manner in which the infective germ gains 
access to the body varies considerably. 

The period between the date of infection and the onset 
of the disease is called the period of incubation, and varies 
considerably in different diseases : in Small-pox from 12 to 
15 days ; in Enteric Eever up to 3 weeks, etc. It is important 
to know, as accurately as possible, the incubation period* of 
those affections against which we wish to adopt measures 
of prevention. 

The onset of an attack of most of the commonly recog- 
nized communicable diseases is sudden and marked by a rise 
of temperature or other symptoms such as shivering, con- 
vulsions, etc. In some, the onset is insidious, the patient 
being scarcely able to fix the day on which his illness com- 
menced. The fever, if any, subsequently passes through two 
more stages, which may be called the height and the decline 
of the fever. 

Further there is a period of convalescence to follow, 
which may be short or long. 

CcraVEYAXCE OF THE DISEASE. 

Certain disea.ses may, and doubtless do, depend upon liiglily specialised 
obligate parasites, incapable of thriving except in the tissues of hosts. 
Such organisms, though themselves a product of evolution, may have been 
evolved in the remote past under conditions of environment never since 
and perhap.s never again to be, reproduced. 

* The incubation p)eriods of the imj)ortant infectious diseases are 
mentioned on p. 839. 
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Notwithstanding, therefore, that all pathogenic micro-organisms are 
doubtless, especially as regards their pathogenic function, subject from 
time to time to minor variations within the limits of the species, yet many 
species of such organisms may have long since attained a high degree of 
fixity of type and thus exhibit now but little tendency to variation beyond 
such limits. That such is actually the case with regard to the microphytic 
causes of some of the diseases, there seems ample epidemiological evidence 
to show. 

In this connection it is important to note that occa.sional difficulty in 
tracing particular attacks of a given disease to previous oa.ses is far from 
justifying hasty conclusions that such attacks have had anotlier origin. 
The probability of such being the case must depend upon a comprehcn.sive 
view of the ascertained facts, with regard to the disea.se in cpie.stion at least, 
that is, pending definite knowledge of the life-history of the mieroi)hyte 
upon which the disea.se depends, the multifarious ways iu which infection 
may have been carried and the difficulty of tracing its carriage by man ; 
such ways must he fully taken into account. Allowance must also be 
made for errors of diagnosis, untreated and concealed cases, wdiich larg('ly 
add to the difficulty of following out the casual association between 
succe.ssive and connected attacks. If this difficulty is met with iu tlie 
early cases of an outbreak, the possibility of tracing back the ovrtbreak to 
some ])rf‘vious jirevalcnce iu a more or less remote ncighbourhoo<l, to which 
it may in reality have been duo is entirely prevented. 

Certain diseases appear to have special seats or points of invasion 
that is to say, the viruses upon which they depend usually attack the body 
by some special channel or channels, and possess little, if any, ability of 
primarily establishing themselves elsewhere. This appears to be the cas:i 
with regard to the poisons of Diarrhoea, Cholera and Enteric Fever, which 
make their assault upon the intestinal mucous membrane, and with regard 
to the poison of Pneumonia which attacks the lungs, and Diphtheria w'hich 
attack.? the tonsils and the throat. 

These facts are of considerable importance with respect to tlie sjiread 
of such diseases, for it is not sufficient, in cases of the kind, that the poison 
should simply be brought to the body, but it must be conveyed al.so to the 
particular part of the body wdiich is vulnerable to it. Fore wo find :m 
analogy in tlie beliaviour of the parasitic fungi which produce tlio di.si'usos 
of plants. Some of these attack the flowers, some the fruit, and some 
the roots. 

Take, for instance. Enteric or Cholera ; we laiow that the.so disoaso.s 
are caused by a poison introduced directly into the intestinal canal liy 
mouth. lie know tliat the food or water-.supply is infected directly or 
indirectly from a previous case of the disease by these channels and thi.s- 
knowledge has enabled us to prevent the spread of these diseases by 
sanitary precautions outside the dwellings. 
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The difficulties of otataining information from the friends cand relatives 
of infected people and the passive resistance to any sanitary measures 
make it extremely difficult to trace cases of infectious disease or to adopt 
measures for their control. 

Indifference and carelessness on the jDart of the poor people to accept 
any advice adds to the difficulties of control, while the ignorance of any 
measures of iiersonal hygiene and the rooted objection to any innovation 
in their domestic arrangements form obstacles difficult to overcome. 

Human Camears of Disease. 

A “ cairiei ” is a peTson wlio harbours a pathogenic 
organism, without himself giving any evidence of the symp- 
toms of the disease. Within recent years, the “ carrier” 
problem has received a good deal of attention from public 
health officers and bacteriologists. In the old days out- 
breaks of diseases which could not be traced to any definite 
source, were attributed to infection retained in foinites. But 
since investigations have been carried out to show that mild 
and unrecognized cases of certain diseases act as transmitters 
of infection, this old belief in infection being conveyed by 
inanimate objects is losing ground. 

Up to now the diseases, which have been found to be 
conveyed by human carriers, are typhoid and paratyphoid 
fevers, cholera, di^ilitheria, cerebro-spinal meningitis, influenza, 
encephalitis lethargica, dysentery, pneumococcal infections, 
acute poliomyelitis, malaria and tuberculosis. 

In some cases, “ carriers ” arc really healthy as they do 
not show any clinical signs of the disease, but most of 
them are only apparently healthy, because, on careful 
examination, signs or symptoms of local infection can be 
found in them. 

Carriers are usually classified as follows : — 

(1) Precocious or incubation carriers. They are unable 
to exert much influence in the propagation of 
infections. 
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(2) Coatact carriers, i.e., persons who acquire the 

iufection from associatioa with cases or carriers, 
without developing the disease themselves. 

(3) Convalescent carriers, who continue to harbour 

during convalescence the organisms W’^hich caused 
the illness. 

(4:) Chronic carriers, who harbour infective organisms 
for some length of time after recovery from the 
disease. In this class of carriers, the periods of 
infectivity are often only displayed intermittently, 
with intervening periods of non-infectivit 3 ^ 
From the point of view of the sanitarian, it is 
these “ chronic carriers ” who are the most 
dangerous. 

It is important to know that in the case of chronic 
carriers, there are certain parts of the body wdierein the 
virulent organisms become embedded, which act as foci 
for the spread of the particular diseases. The two such 
sites, which are most important, are the tonsils and the 
gall-bladder. Chronic tonsillitis, along wdth an ulcerated 
patch in the mucous membrane of the nose or pharynx, 
will explain the existence of many carriers of virulent 
diphtheria bacilli and haemolytic streptococci. A 
similar condition of the throat or nose is responsible for 
carriers of pneumococci, influenza bacilli, and meningococci. 
An inflamed gall-bladder acts as the habitat of rich cultures 
of typhoid and cholera bacilli. A person who has j)reviously 
suflered from typhoid fever is very liable to intermittent 
attacks of biliary colic, and this liability wmiild suggest the 
possibility that such a person was a chronic tyi^hoid can’ier. 
There are other lesions of intestinal carriers, such as chronic 
ulcers of the intestines, which are to be found in carriers of 
dysentery. Among certain typhoid carriers the lesion exists 
in the kidneys in the shape of chronic pyelitis with secondary 
cystitis. They are known as urinary typhoid carriers. 
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The problem of dealing with carriers, so as to prevent 
them from being a danger to others, is a very difficult one. 
A sick person will readily seek treatment, but a carrier who 
is apparently healthy, is most difficult to be convinced that 
he also needs medical attention. One of the most obvious 
measures would be to jirevent cases from developing into 
carriers. But unfortunately we have no knowledge as to 
why the germs of certain specific diseases disappear in some 
persons immediately after their recovery, and why. they 
persist in others. It is therefore practically impossible to 
devise measures for preventing individuals from developing 
into carriers. 

In regard to patients who have suffered from typhoid 
fever, diphtheria, and other “ carrier diseases ”, it is very 
desirable that they should be examined at short intervals 
to see if they are still harbouring the infection in the throat, 
nose, or pharynx, or discharging it in their fseces or urine. 
The methods employed for the isolation of the typhoid bacillus 
from the faeces are somewffiat intricate and difficult to carry 
out, but its isolation from the urine is comparatively a very 
easy matter, as it is generally the only organism present in 
that secretion. It is therefore suggested that the routine 
examination of the urine of such carriers ought to be carried 
out, combined with a Widal test. It is stated by Kayser 
that about 75 per cent, of carriers respond to this test. 
Such routine examinations can be more easily carried out 
in hospitals and analogous institutions. It must however 
be remembered that this Widal test may prove unreliable 
in some cases, owing to the persons having had anti-typhoid 
vaccine inoculated into them as a preventive measure. In 
such cases the agglutination tests are obtained more easily. 
Similarly the routine examination of the excreta may also 
give negative results, because the bacilli are discharged 
intermittently. 
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Isolation of carriers is another very rational and 
obvious measure, but it is very impracticable, and is rendered 
more difficult by the continual occurrence of fresh contact 
carriers, and the periods of intermission to which some carriers 
are subject, during which no infective organisms can be 
detected in them. Moreover the enforcement of such a 
measure would require the provision of special beds for 
isolation and observation in hospitals. 

Another method suggested for dealing with carriers, is 
to give them specific anti-microbic treatment by means of 
vaccines and sera. But generally speaking, these measures 
have proved disappointing. It has been found by experience 
'that typhoid vaccination does not cure typhoid carriers, 
and in the case of diphtheria carriers, antitoxin exerts no 
efiect on the persistence of the bacillus. 

The local use of disinfectants particularly in throat 
infections has been found of some value in reducing the 
number of organisms, and thus lessening the danger of trans- 
mission. The method employed, particularly for the treat- 
ment of influenza and cerebro-spinal fever carriers, is to 
construct an inhalatorium, in which an automatic steam 
spray is used for charging the air of a room with a two per 
cent, solution of Chloramine — T, or a solution of sulphate 
of zinc. The air of a room charged with these disin- 
fectants if inhaled for about twenty minutes at a time, has 
succeeded in rendering the nasal passages of such carriers, 
sterile. The internal use of certain urinary antiseptics has 
proved of value in the case of convalescent carriers of 
enteric fever, in whose urine, tyj)hoid bacilli were found. But 
in the case of chronic typhoid carriers who harbour the germs 
in the intestines or gall-bladder, MetchnikofE’s treatment 
by means of sour milk has given disappointing results. 
It is said that in the case of diphtheria carriers, the 
regular spraying of the nose and throat for several days 
with a pure culture of Staphylococcus Pyogenes Aureus has 
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been partially successful in eliminating tlie diplxtheria germ. 
But it is dangerous to use tlie Staphylococcus for this 
purpose. 

Many workers in Chemotherapy have experimented with 
various compound drugs particularly in the case of gall-bladder 
infections, but without much success. So far as our present 
knowledge goes, the only effective chemo-therapeutic remedy 
tnat has proved of value, is the bismuth-arsenic compound 
drugs in the case of spirochete carriers of venereal diseases. 
Emetin injections are of value in the case of chronic carriers 
of amoebic dysentery. 

The removal by surgical operatious of the various foci 
in carriers has given promising results. According to 
Dr. Henry J. Nichols the removal of the gall-bladder has 
been successful in over 50 per cent, of typhoid carriers, and 
the removal of tonsils and adenoids in 80 per cent, of diph- 
theria carriers. Radium and X-ray have been tried as a 
substitute for surgical operations, but the results have not 
proved satisfactory. 

Lastly in the handling of carriers, personal hygiene 
must be given a prominent place ”. It is essential that 
typhoid, cholera, and dysentery carriers should, on every 
occasion when the privy or urinal is visited, wash and cleanse 
their hands and nails with soap and water. They should not 
be engaged in the preparation and handling of food-stuffs. 
Special care iu the disinfection of the dejecta of such persons 
is also necessary. In the dwellings occupied by them, privies 
and urinals must be systematically dishifected. Carrier 
cases should as far as possible be kej)t under observation, 
until they cease to be dangerous. In order to ascertain when 
this danger ceases, the sanitary authority should take occa- 
sional samples of both urine and feces for bacteriological 
examination. It would also be a very desirable precau- 
tionary measure to examine the excreta of all cooks in institu- 
tions, and also of the workers in factories and workshops 
where certain kinds of food are prepared. 
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Control of Infectious Diseases. 

At an informal conference of Sanitary Commissioners 
held at Simla in May 1919, the following measures were 
recommended for the Control of Infectious Diseases : — 

(1) Publication of correct vital statistics of larger towns 

in the provincial Dazettes and the modification 
of the form of weekly reports regarding the 
condition of health at principal ports ; 

(2) Early notification of all infectious diseases ; 

(3) Provision of properly qualified Medical Officers of 

Health for urban and rural areas : 

(4) Security of appointment of urban and rural 

(6) Institution of State Faculty of Public Health for 
each province ; 

(6) Industrial hygiene in the prevention of industrial 

dust and the reduction of hours of labour ; 
demand for additional staff of Inspectors ; 

(7) The hygienic education of the general public, 

inclusive of students and scholars ; 

(8) Necessity of securing to the Sanitary Commissioner 

the position of responsible technical adviser to the 
Local Government in all matters affecting public 
health ; 

(9) Establishment of a public health bureau for publisli- 

ing a public health bulletin ; 

(10) Training staff for employment in epidemic times ; 

the training to be confined to such primary matters 
as the disinfection of wells, treatment of cholera 
stools, rat trapping and baiting, etc. 

(11) Prevention of the importation of Yellow Fever. 

The reduction of facilities for the breeding of 
Aedes (stegomyia mosquitoes) in ports and legis- 
lation to enable ports to take action against the 
breeding of mosquitoes. 
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Rules FOR the Guidance of Inspectors. 

1. In dealing 'with, epidemic diseases, snch. as Cliolera 
and Small-pox, all other duties should be put aside, and 
immediate attention given to cases brought to the Inspector’s 
notice. 

2. When a case of Cholera is reported to the 
Conservancy Inspector, he shall at once arrange to disinfect 
the privies, traps and receptacles with Izal fluid, and clean 
and flush the gullies with Pesterine. 

3. Gullies, where dead rats have been found, should be 
well cleaned and flushed and then pesterined. 

4. During epidemic seasons, all boarding-houses, 
Goanese clubs, musafarhhams and dharmashalas shall be 
regularly visited and inspected by the Inspector or Sectioii 
Sub-Inspector. 

5. The following disinfectants shall be used 

Pesterine or Kerosine oil emulsion for Plague- 
infected houses and where dead rats have been 
found ; also to prevent breeding of flies, &c., and 
in case of accumulations of water to prevent 
mosquito-breeding. 

Izal Fluid for Small-pox, Cholera, Phthisis, Measles, 
etc., and mixed with Pesterine for Malaria as it 
has been found to be effective in killing larvae. 

Sulphur for fumigating after Small-pox, Measles, 
Phthisis, etc., and for vermin. 

Izal powder for places where fluid cannot be used 
and for those fouled by human excreta and urine. 

Permanganate of Potash for wells infected with 
Cholera vibrio. 
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Tuberculosis. 

Sir William Osier defines “Tuberculosis” as “an 
infection caused by Bacillus Tuberculosis, the lesions of wliicli 
are characterized by nodular bodies, tubercles and diffuse 
infiltrations which either undergo caseation, necrosis and 
ulceration, or heal with sclerosis and calcification.” 

The Tubercle bacillus discovered by Prof. Koch in 1882 
is an organism capable of living, not only within, but also 
outside the animal body; it may be cultivated on various 
artificial media. A very, favourable medium for its growth 
is the Dorset’s egg medium. The other special media for 
primary growth are glycerinated potato, glycerinated serum 
and glycerine brain-agar. Like other organisms, it exhibits 
certain morphological characters, which may be observed by 
means of the microscope ; it grows and multiplies in certain 
ways, and possesses certain physiological properties through 
which it acts upon and is acted upon by its environment, 
whether that environment be a living animal body or a 
lifeless artificial medium. 

Tubercle bacilli, when stained with carbol-fuchsin, are 
seen to be delicate cylindrical pinlc rods, slightly curved or 
straight, with a granular appearance ; they are “ acid fast,” 
that is, when stained and treated with acid, they retain the 
original stain. 

Besides the human type there exist the bovine and the 
avian types of the bacillus. The bo\une bacillus is shorter 
and thicker and less readily cultivated than the human bacillus. 
In staining and morphology the avian bacillus is similar 
to the bovine type but differs from it on cultivation and 
inoculation. 

Tuberculosis occurs in many, if not all, of our domestic 
animals, e.g., in the ox, pig, horse, sheep, cat, dog and others. 

The principal form in which Tuberculosis affects man is 
“ Pulmonary Tuberculosis,” “ Phthisis,” or “ Consumption, ” 
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but all parts of the body may be affected as in Tabes 
Mesenterica, Tuberculous Meningitis, and Tuberculosis of the 
joints and organs. 

Tuberculosis may be spread from man to man, by the 
inhalation, of dust containing Tubercle bacilli, or by direct 
infection from the sputum, also by infected milk and meat 
and by flies. 

At the British Congress on Tuberculosis in July 1901, 
Prof. Koch said that bovine and human Tuberculosis were 
different ; that the former could not be transmitted to man 
except under exceptional conditions ; and that . precautions 
against bo vine- Tuberculosis were not necessary. This came 
as a thunder-clap to the medical world, and the result was 
a Eoyal Commission appointed in 1901 : from the Eeport 
published, it has been shown that there is very little difference 
between the Tuberculosis of cattle and man, and that they 
can be transmitted from one to the other. 

The Eoyal Commission state that the cases of Tubercu- 
losis and the Tubercle bacilli found in the intestinal glands of 
children were similar to those of bovine Tuberculosis, and 
the disease was due to infection by food and milk. 

There can be no doubt that in a certain number 
of cases Tuberculosis occurring in the human subject, 
especially in children, is the direct result of the introduction 
into the human body of the bacillus of bovine Tuberculosis, 
and that, in the majority at least of these cases, the bacillus 
is introduced through cow’s milk. Cow’s milk containing 
bovine Tubercle bacilli is clearly a cause of Tuberculosis 
and of fatal Tuberculosis in man. 

A very considerable amount of disease and loss of life, 
especially among the young, must be attributed to the 
consumption of cow’s milk containing Tubercle bacilli. 

The Tubercle bacilli may be present in the milk of cows 
which are otherwise apparently healthy ; they are found in 
large numbers in the faeces of infected cows. 
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Sliroeder in an interesting paper states that 40 per cent, of 
the dairy cows, that retain the appearance of health and are 
not known to be affected till they are tested with tuberculin, 
actively expel Tubercle bacilli from their bodies in a way 
dangerous to the health of other animals and persons ; that 
a considerable proportion of the dairy products is infected 
with Tubercle bacilli owing to the frequency with which cow 
faeces are found in milk : for it has been proved that the 
commonest way for Tubercle bacilli to pass from the bodies 
of Tuberculous cows is with their faeces, and once milk is 
contaminated with Tubercle bacilli, the latter enter the 
various articles of diet prepared from it, and are specially 
numerous in butter, in which they may remain alive seven 
weeks or longer without diminishing in virulence. The 
practical importance of this is that herds of Tuberculous 
cattle can be cleaned by the periodic application of the tuber- 
culin test. 

These results clearly point to the necessity of measures 
more stringent than those at present enforced, being taken 
to prevent the sale or consumption of milk of tuberculous 
cattle. 


Bovine and Human Tuberculosis. 

It is now definitely settled that Tuberculosis in cattle 
may and does cause Tuberculosis iu man, and this is especially 
important with reference to the disease in children in India. 

The interest taken in the cause and control of this disease 
in England, France, Grermany, America, Australia and other 
countries of the world and the ipyestigations undertaken 
by them have tended to reduce the incidence of the disease 
considerably ; but in India little has been done to ascertain 
whether the conditions which obtain in other countries exist 
here, or how they may vary. It is generally assumed that 
bovine Tuberculosis is rare in India. 
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Work done in India. 

In considering the possibility of children in India 
contracting Tuberculosis, both general and pulmonary, from 
tuberculous cattle— either by mihr or infected faeces and also 
by milk infected by human agencies— the foUowmg questions 
present themselves for solution 

(i) Whether cows or buffaloes in India suffer from 

Tuberculosis. 

(ii) Whether milk could be infected by human or 

bovine agencies, after it had been drawn from a 
healthy animal,— by the habits and customs of 
the attendants, and by infected feces. 

{Hi) Whether the hmnan being, especially children, 
could not contract Tuberculosis, because of the 
intimate relation of the working classes with 
cows, bullocks and buffaloes, and the enormous 
use made of cow dung, some of which must be 
infected. 

To ascertain the truth, the examination of samples of 
milk and human sputa from milk shops and milch cattle 
stables in the City was undertaken in Bombay at the 
Municipal Laboratory by Dr. Grhadially and Dr. Joshi. 

The milk was collected from different milk shops, by the 
Deputy Health Officers of the Wards, in sterile glass bottles 
and sent to the Laboratory. 20 c.c. of each sample were 
centrifuged and the sediment examined, and if acid fast 
bacilli resembling Tubercle bacilli were found, the Deputy 
Health Officer was asked to trace the source of milk. This 
was not easy, as the miUc sold at the retail shop was mixed. 
Only m 6 cases could the infected millr be traced to cows. 
Milk of these cows was then drawn into sterile glass bottles 
and agaia examined and a positive result obtained in 
the case of all the six cows. 

Tuberculin test— The animal is first allowed to become 
cool and quiet; then the temperature is taken per rectum 
the thermometer being allowed to remain in for 5 minutes. 

37 
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Tte normal temferature of bovine animals is from 100-5° 
to 102-5° F. It is convenient to inject the tuberculin into 
the neck or shoulder late in the evening, so that the 
observation of the reaction temperature may be made early 
next day. The animal should not be regarded as positively 
tuberculous unless the morning temperature exceeds the 
previous night reading by at least 2-5° F. 

The test should not be repeated until at least a month 
has expired. 

All the six cows were treated with tuberculin : four of 
them reacted 2-5° and two only *7°. MiUc from the former 
four cows was injected sub-cutaneously into guinea-pigs with 
no result. 

In all 217 samples of milk were examined, of -which 9 
were repetitions ; thus out of 208 examined, an acid fast 
bacillus was found in 30 or 14-4 per cent. ; of these, 9 were 
traced to cows ; these were tested with tuberculin and 6 
reacted. 

A post-mortem examination could not be made. Much 
difficulty was experienced in getting permission even for 
testing with tuberculin. 

In all, 105 cows and buffaloes were tested with 
tuberculin 

34 at Bandra Slaughter House— none reacted ; 

5 buffaloes and 31 cows at Panjrapole— 2 cows 
reacted ; 

26 cows privately— 3 reacted— no post-mortem ; 

9 buffaloes privately— no reaction. 

The feces of the two cows reacting to tuberculin were 
examined and found to contain an acid fast bacillus of the 
same type as in milk. 

On post-mortem examination of these cows, no Tubercle 
bacilli could be found in any of the organs, but cystic 
degeneration and cysts were plentiful. 
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To find Tubercle bacilli in milk, unless tlie animal is 
sufiering from acute Tuberculosis of the udder, is difficult 
and requires care ; other acid fast bacilli may be present, and 
to differentiate, the infected milk must be inoculated into a 
guinea-pig. This, however, is not always decisive, as milk 
may contain very few bacilli and then no reaction takes place. 

This process was followed on nin e occasions with no 
result. The tuberculin test, when followed by a high and 
maintained rise of temperature, is considered sufficient 
evidence of tubercle in cattle, which can be verified by a j)ost- 
mortem examination. Unfortunately, it could be carried out 
only on two occasions— with a negative result. 

The other three cows reacting to tuberculin lived and 
calved theieafter ; on re-inoculating them 3 months later, 
no reaction occurred. 

In 30 cows selected at Bandra Slaughter House as looking 
suspicious of Tuberculosis, Tubercle bacilli were found only 
in the organs of one. The acid fast bacillus found in the 
milk was not Tubercle. 

Samples of human sputa collected from bathing places, 
washing places for cows and buffaloes, and from millc shops 
and the streets were examined for Tubercle bacilli. 

Out of 271 such samples examined, 33 or 12 per cent 
contained Tubercle bacilli : the object in examining the sputa 
was to ascertain, if possible, whether the milk could be 
infected in that way. 

An outbreak of Tuberculosis occurred amongst spotted 
deer and Llamas at the Victoria Gardens, Bombay. 
Post-mortem examination revealed the presence of tubercle 
pathological^ and bactcriologically. Many of the animals 
had been bred in confinement and others had been introduced 
from Europe and India. 

Milch Cattle Stables and Attendant Evils. 

Anyone with any experience of milch cattle staoie*’, 
dairies and milk shops in India, and the habits and customs 
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of the gowlies, their methods of milking and of washing them- 
selves and their milk vessels, can easily appreciate that milk 
could be infected in this way, and that possibly the samples 
examined may have become infected by human agency and 
not bovine. The results of the tuberculin test and ‘post- 
mortem examination of the cows tested, however, showed 
that this could not be the only source of mfection. The 
results of the Royal Commission, moreover, prove clearly 
that the faeces of the tuberculous cow are loaded with Tuber- 
cle bacilli, and a visit to a milch cattle stable in Bombay 
wiU readily show how this may be a possible means of infect- 
ing milk. 

The report of the HafEkine Institute for the year 1929 
gives interesting information under the heading of “ Tubercu- 
losis Inquiry ” conducted at the Institute by Dr. Soparkar 
and liis assistants. The conclusion drawn from their study 
of the type of bacilli causing Surgical forms of Tuberoiilosis 
in India is as follows : “ The bovine tubercle bacillus play.s 
a negligible part in the causation of Surgical forms of tuber- 
culosis in this part of India” (Bombay Presidency). However 
a difierent picture is obtained from the Punjab side where 
recent investigations have shown that the chances of infection 
from the bovine bacillus are' proportionately much greater. 

Facilities ecu Transmission of Tubercle Bacilli. 

The milk-vessels are cleaned with cow-dung and dirt. 
The buffaloes and cows wallow in their excrement, and 
they are washed at the same place where the milk vessels 
are cleaned and' with the same water. This, tlicn, is 
a common way of infecting milk and is peculiar to India ; 
because in England and Europe, the value of the 
cleanliness of the cow and the utensils is much more 
appreciated, and the regulations concerning the milk supply 
are much more strict. Although the buffalo is washed regu- 
larly in some stables in India, its surroundings and the habits 
of its attendants are much more insanitary. 
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Again, the traffic in cow-dimg is enormous. Cow-dung 
mixed with, urine and mud is used for plastering walls and 
floors and roofs of liouses. 

Even in large cities, the cow and bullock are inmates 
of the dwelling house, and all the cooking pots and vessels 
used are scoured with cow-dung and dirt from the street. 

The facilities then for the transmission of the Tubercle 
bacilli from animal to man are greater in India, because of 
the intimate connection between them. 

Fortunately, the climate has some influence on the life 
of the bacilli, and the exposure to the heat of the sun checks 
the growth ; but the dust of the streets, where there is so 
mucli of bullock traffic, must contain a large number of 
Tubercle bacilli, while flies and dust must convey the infection 
to food and milk. 

Again, it is a very common sight to see crows eating 
sputum in the streets or stables ; to see crows, after picking up 
sputum fly to a milk or water vessel and dip in their beak, or 
pick the meat and fish in the market, or from the open basket 
on the head of a cooly, or drink milk out of milk vessels in the 
stables or open cans in the streets or shops. 

Eesults of Investigation in Bombay. 

The results of the investigation are (i) that cattle in 
Bombay, and presumably other parts of India, do suffer from 
Tuberculosis to a slight extent ; (ii) that it is possible for 
milk to be infected by human agency owing to the habits 
and customs of the attendants and the methods of distribut- 
ing milk ; {Hi) that a possible source of infection is the faeces 
of infected cattle — due to the intimate connection between 
the labouring clas.s and the cattle and the enormous use 
made of cow-dung in the houses and surroundings. 

It is not meant to suggest that Tuberculosis in India is 
caused only by infected milk or food ; but that it is one 
cause which has hitherto not been investigated. Nor it is 
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maintained that the experiments carried out cover the whole 
ground, or are complete, or jfree from the possibility of error, 
but with the pressure of other work in a very large and busy 
Department, complete research cannot be undertaken ; 
they are, however, sufiicient to warrant further inquiry and 
more striugent regulations regarding the milk and food 
supplies in India. 

Statistics show that the mortality from Tuberculosis is 
higher in India than in England ; the milk and sputa examined 
show that there is risk of disseminating the Tubercle bacillus 
while the presence of this bacillus in the fseces of infected 
animals is a greater danger in India than in other countries. 
The argument that all milk is boiled before being used is 
applicable to any milk-borne disease ; but the majority of 
people would prefer to know that the milk comes from healthy 
animals and is pure. 

Sanitation and education in sanitation and the applica- 
tion of sanitary laws and regulations, and sanitary surround- 
ings are of great importance in Tuberculosis as in Malaria 
and Plague and all other communicable diseases. Every 
preventive measure should be availed of and all milk should 
be boiled, 


. Tubeuoulods Disease in Children. 

The Medical Eesearch Council has published an interesting 
account of the investigations carried out by Dr. John W. S. 
Blacklock on the pathology and bacteriology of tuberculous 
disease in children. These investigations were based on a 
study of infants and children from a few hours old up to 
13 years of age, dying in the Royal Hospital for Sick children, 
Glasgow, either from illness of any kind or as the result of 
accident, over a period of 7 years and 8 months (March 1924 
to November 1931). A careful search for any evidence of 
tuberculous disease was made in 1800 autopsies. Naked eye 
evidence of tuberculous infection was obtained in 283 cases 
(15.7 per cent.). Of these 90 per cent, died as the result of 
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infection. The site of Primary damage was located as 
follows : — 

Chest=61 . 1 per cent. 

Abdomen=35.7 per cent. 

Cervical glands=2.1 per cent. 

In 183 cases with definite tuberculous damage the 
infective organisms were isolated .and typed. In 52 cases 
of surgical tuberculosis of which none died in the Hospital- 
similar procedure was followed. 

Dr. Blacklock, on the strength of his careful investiga- 
tions concludes that the pathway of infection in children — 
who died from tuberculosis and in whom the primary infection 
was located in the lung — ^has been by the air. Further 
the type of bacilli in these cases has been of the human 
type. 

Dr. Blacklock’s findings — as far as they concern the 
West of Scotland alone — ^are definitely opposed to the general 
view that active pulmonary tuberculosis in the adult is the 
result of the flaring up of dormant infection received in 
childhood. According to his investigations (as confined to 
the locality mentioned) the adult infection is a new infection 
contracted in later life and differs from that in childhood 
both in pathology and site. 

The investigation of cases with primary abdominal 
lesions has once again proved the importance of protection 
from bovine infection in children. 

The significance of tuberculin reactions in children 
has also been investigated by Dr. Blacklock and so far as 
his findings go they support Hart’s statement that in the 
infant a positive tuberculin reaction must be regarded as a 
grave prognostic sign. 

The Etiology of Tuberculosis. 

The etiology of Tuberculosis in Bombay is one of the 
most complex problems ; poverty, ignorance, and neglect, 
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the social customs and habits of the people and the over- 
crowded and insanitary conditions at home ensuring to a 
great extent the progress of the disease. 

Overcrowding is one of the principal causes contributing 
to the spread of Tuberculosis. It tends to increase the 
opportunities for personal contact and infection, to hinder 
the possibility of free ventilation, and to lower the vitality 
and power of resistance of the people. The mere statement 
of the average number of persons per acre in a town is often 
misguiding. Much depends on the number of persons residing 
in each room. By careful planning of the houses (.u'ected, 
it is possible to accommodate a larger number of peo])le 
in a certain area without overcrowding. In Bomba}?', about 
80^ of the population dwell in one-room tenements. The 
evils resulting from overcrowding are far greater in the 
northern parts of India than the southern, as in the former 
the intense cold induces the peo23le to shut themselves up 
closely in their houses, and thereby greatly hinders free 
ventilation. 

Tuberculosis is both the parent and child of poverty. 
Certain people, through pecuniary diShculties, due to un- 
employment are forced to curtail expenses and live in insani- 
tary quarters where the conditions are such as to easily open 
the way to Tubercle. The tuberculous, on the other liand, 
rendered helpless by the enormous financial drain involved 
by the disease for treatment, extra food, etc., and inability 
to work, are compelled to shift to cheaiier rooms in insani- 
tary localities. 

Certain social customs among women in India are a potent 
factor in the causation of this disease and account for the fact 
that in many cities of India more than twice as many women 
as men suffer from Tuberculosis. The “purdah’’ system 
amongst the Mohamedans is directly responsible for the large 
incidence of the disease amongst the females of that commu- 
nity. The women are generally secluded in one of the hind 
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rooms, wliich is not a very sanitary part of tlie house, vuth 
no attempt to ensure fresh air and light. 

In public these women use a veil or “boorkha,” which is 
a white cotton garment which completely covers the body 
and face. Since more than one member of a family often 
use the same “ boorkha”, the serious danger of infection re- 
sulting from this practice will be realised, especially when 
some members of the family are already suffering from 
Phthisis. The incidence of the disease is greater in those 
cities where the purdah system is followed either amongst 
Hindus or Mussalmans. 

The annual report of the Anti-tuberculosis Department 
of the Bombay Municipality for the year 1930 gives interesting 
figures sho'^ving the incidence of tuberculosis in both sexes 
of the two main communities — (Hindus and Mohamedans) — 
in Bombay. 

Male. Female. 

Hindu,. .. 61*15 percent. 38*42 percent, 

Mahomedan 38*85 „ 61*58 „ 

The following remarks are quoted from the same report : 
“ It appears from the above figures that Hindu males are 
physically inferior to, or in other words, have lower powers 
of resistance than the Mahomedan males ; whereas the Maho- 
medan women are more readily susceptible than the Hindu 
women. Further taking the Mahomedan community alone, 
it appears that the women are much more susceptible than 
men. The natural inference is that the zenana system 
amongst the poorer Mahomedan classes on account of its 
insanitary accompaniments (/.e,, want of fresh air and sun- 
shine) undermines their constitution to such an extent that 
they become more readily susceptible than their own sex in 
the Hindu community and their opposite sex in their own 
community,” Of the tuberculous cases amongst all the 
females treated at the Bombay Municipal Anti-tuberculosis 
Dispensaries the Mahomedan women top the list with 52*86 
per cent. 
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The early marriage system, the sexual excess at prema- 
ture age, and the crude methods adopted in the management 
of child-births are some of the causes which produce consi- 
derable mental depression and physical strain on the young 
girls during the early days of married life, and thus open 
the door to the Tubercle bacillus. 

The habit of indiscriminate spitting is largely conducive 
in India to the spread of Tuberculosis. The Tubercle bacillus 
thrives and retains its vitality for a long time in dirt in the 
absence of fresh air and sunlight. It has been found that 
Tubercle bacilli in sputum, when exposed to direct sunlight 
die after 8 hours, and to diffused day-light in 8 days, but when 
kept in darkness they are alive and virulent even after 309 
days. A careless consumptive who is passing millions of 
Tubercle bacilli in his sputum would be a great menace, 
therefore, if he were to spit indiscriminately on the floor and 
walls of his room, the spit would dry up and be distributed 
in the dust and any person inhaling the vitiated air, specially 
if his vitality has been already lowered, will fall a victim to 
the disease. The practice amongst the poor of wiping tln'.ir 
mouth with the end of their garment, or the lappet of tlie 
shirt is objectionable and attended with risks of infection. 
At home the people should spit into a spittoon or into an 
open vessel containing some disinfectant like carbolic lotion 
(1 in 20) or izal (1 in 60), A tray containing ashes or bits 
of rags or paper contained in a receptacle will do, provided 
it is emptied from time to time into the fire. For outdoor 
use, a pocket flask spittoon is advisable. 

Trades and Occupations. 

There are several occupations which levy a high toll. In 
India, however, there are not so many industrial occupations 
as in England in which vitiated dust is inhaled and in wliich 
labourers are exposed to great variations of temperature and 
pressure. Moreover, most of the Indian labourers work less in 
crowded workshops, hut more in the open air and in private 
houses, depending more on hand power than on machinery. 
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There are several occupations carried on in small ill-venti- 
lated rooms for long hours at a stretch which necessitate 
the workmen sitting down ‘in a recumbent position for a 
long time and which levy a large toll. Tailors, shoemakers, 
clerks, shop-servants and weavers suffer very frequently. 
Special reference must be made to the “ bidi ” makers 
(cigarette makers) in Kamatipura in Bombay before this 
trade was controlled by licenses. The workers, chiefly 
women, were crowded together in dark ill-TOntilated hovels 
for several hours in making bidis. They spat promiscuous- 
ly on the floor and unwittingly helped in the disease being 
conveyed from one to the other. An idea of the overcrowding 
and unhealthiness in the bidi shops could be had from the 
fact that 20 to 30 women were usually huddled together in a 
small room in which there was no fresh air and sun-light 
and which abutted on foul smelling passages. If one of these 
workers has already contracted the disease, the chances of 
spreading infection are very great. 

There are certain industries which involve the constant 
breathing of air charged with irritating particles and in 
which the workers suffer to a large extent from Tuberculosis. 
These are cotton ginning mills, jute factories, rice cleaning 
mills, quartz crushing mills, coal mines and the like. 

Distribution op Tuberculosis in India. 

It is difficult to gauge the magnitude of the evil caused 
by Tuberculosis on accoimt of the unreliableness of the little 
information that is available. The vital statistics in India 
are inevitably very inaccurate, as the verification of cause 
of death is done by ignorant “ chowkidars ” even in many 
of the larger cities. Moreover, in the Report of the Sanitary 
Commissioner of India, Phthisis is not classified under a 
separate heading, but is included under respiratory diseases, 
many of the deaths from Tuberculosis being registered 
under “Fevers” and “All Causes.” The Tuberculous 
death-rates of the cities of India are, therefore, not suflfioiently 
accurate. 
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Classif cation of Indian Cities, according to estimated 
prevalence of Tuberculosis (from Lankester). 


Class I. 


Glass IL 


Class III. 


Death-rates less than 
2 . 0 per Mille. 


Aligarh, Allahabad, 
Amroati, Auranga- 
bad, Berhampur, 
Cuttack, E 1 1 0 r e, 
Eerozpore, Gorak- 
pore, Jalna, Kohat, 
Syallpur, Muttra, 
Montgomery, 
Muzaffarpur, 
Nainital, Nowshera, 
Pakhoku, Ranchi, 
Raw alpindi, 
Saigang, Salem, 
Shillong, Simla, 
Taru-Taran, Vellore, 
Waltair, Warangal, 
Wardha. 


Death-rates from 
2.0 to 3.0 per Mille. 


Death-rales over 
3.0 per Mille. 


Alimednagar, Bangalore, 
B a n n u, Bareilly, 
Bhagalpore, Bharat- 
pur, Gwalior, Indore, 
Jabbalpur, J h a n s i, 
J o d p u r , Karachi, 
Ludhiana, Morada- 
bad, M o u 1 in e i n , 
Meerut, Mysore, 
Nagpur, Patiala, 
Pro me, Puri, 
Secunderabad, 
Sialkote, T a n j o r e, 
Tinnevelly, Trichi- 
nopoly, Udaipur, 
Vizagapataiu, 
Wazirahad. 


Agra, Ahmedabad, 
Ajmere, Ajuritsar, 
Benares, Bhopal, 
B 0 m b a y. Broach, 
Calcutta, C.alicut, 
Camipore, D a c. c a, 
Delhi, Gaya, 
Hyderabad ( S i ii d ), 
Hyderabad (Deccan), 
Jaipur, Lahore, 
Lucknow, M a d r a ,s , 
Madura, Mandalay, 
Multan, Patna, 
Peshawar, Boon a, 
Rangoon, Srinagar, 
Surat. 


Tbe distribution of Tuberculosis in India is dependent 
upon the varying climatic conditions of the country and 
the social customs of the people. Dr. Lankester in his book 
on “ Tuberculosis in India” says that the plateaux of India 
with (except daring the monsoon) their small rainfall, low 
relative humidity, dry clear atmosphere and high mean 
temperature are the most favourable regions, Tuberculosis 
being the least prevalent. Thus the high table-lands of 
Eajputana, Central India, the Central Provinces, the Deccan, 
and Mysore plain are very favourable in comparison with 
other parts of India, both as regards the low prevalence of 
Tuberculosis, and as to the effect of their climate, in the 
treatment of sufferers from the disease. 

Dr. Lankester places the following areas as more or less 
intermediate as regards the prevalence of the disease. The 
Sindh desert, the south-western portion of the Punjab, 
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the north-east corner of the United Provinces around Gorakh- 
pur, with the adjacent parts of Bihar, north of the Ganges ; 
the whole of Orissa and the whole of the Madras Presidency 
with the exception of the Malabar coast and the southern 
hills. 

The remaining parts of India appear to be most unfavour- 
able, Tuberculosis being very prevalent. These comprise the 
delta of Bengal, the eastern and western Indo-Gangetic plain 
including the whole of the Punjab except the south-western 
corner ; the valleys of the North-Western Prontier Province 
and lastly Gujarat and the western littoral, and the 
Malabar coast. 

The mortality from Tuberculous diseases is very much 
greater in cities than in villages ; the villages on the out- 
skirts of the city suffering more than those more distantly 
situated. 

The migration of people from villages into the city for 
employment specially during the times of famine, and the 
increased facilities of communication afforded by the net- 
work of railways in India have been largely conducive to 
the increase of Tuberculosis in Indian cities. On the other 
hand, people contracting Tuberculosis in the cities go over 
to the villages and carry and spread infection there. 

The social factors are even more important than the 
climatic in deciding the incidence of Tuberculosis, as in certain 
cities, e.g,, Agra and Hyderabad, the prevalance of the 
disease is very great, being over 3 per mille. But such 
cities though unfavourable as regards incidence are very 
favourable for the treatment of Tuberculosis on account of 
the climatic conditions. It has been the experience that 
people emigrating from places where the incidence of Tuber- 
culosis is very low or negligible into cities which are the 
hot-beds of the disease easily fall victims as they are not 
sufficiently immune. Thus, for instance, the Gurkhas and 
Pathans who come from the hilly regions in the north of 
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India, where Tuberculosis is practically absent, are very 
susceptible to the disease when they migrate into the large 
cities of India. 

Practical Precautions and Measures. 

To undertake thoroughly the work of controlling and 
exterminating Tuberculosis in a community, much time, 
trouble and energy are required, with a perfect organization 
and thorough control, and suitable by-laws and regulations, 
To attain any measure of success, however, the Medical 
profession, the public, the Sanitary and Municipal Author- 
ities and the Government must co-operate. The various 
measures may be classified as follows : — 

1. Compulsory notification. 

2. Tuberculosis dispensaries. 

3. Sanatoria and village colonies. 

4. Hospital for advanced cases. 

5. General sanitary measures including the house 

problem. 

6. Open air schools. 

7. Special preventive measures. 

8. Educational measures. 

9 Food control. 

Compulsory Hotipigation. 

The advantage of a compulsory system of notification 
is not merely to enable the removal to a Hospital of the eases 
that come under observation and to disinfect their homes, 
but also to ensure that the hitherto unrecognized ca.ses are 
detected and insanitary conditions in domestic and industrial 
life are discovered and removed. The success of compulsory 
notiBcation depends on the amount of medical relief that is 
available. A sufficient staff of skilled health visitors for 
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giving instructions, and an adequate provision of beds for 
advanced cases, and accommodation in sanatoria for early 
ones will be required. Medical inspection of factories, work- 
shops and infected bouses should be made, regular forms 
should be kept, and a register made of all cases visited and 
action taken. Early notification : — On receipt of a notih- 
cation or information of a case or of a certificate of death 
from Phthisis, or as the result of examination of sputum sent 
to the Laboratory, the Sanitary Officer should visit the house, 
making inquiries into the duration of the case and its surround- 
ings. Instructions should be given, printed and oral, and 
the case, if possible, removed to the Hospital for Consump- 
tives: He should then proceed to disinfect the room and 
bedding. The Esmarch process of rubbing the walls, ceiling, 
and floors with dough to collect the infected dust might be 
adopted in suitable houses, as it would not be practicable in 
all Indian dwellings ; the dough should afterwards be burnt. 
On no account should the room be swept with a brush or duster, 
as the infected material may be dispersed in the air and 
inhaled by the operatives. 

Formalin spray or 2 j)er cent, solution of chloride of lime 
or izal (1-30) may be used for washing the floor, walls and 
ceilings. The furniture should be washed with a damp 
cloth soaked in izal. * The linen and bedding should be passed 
through a steam sterilizer. A room occupied by a Phthisical 
patient should be thus treated frequently. 

Tuberculosis Hispestsary. 

The “ Tuberculosis dispensarj^' ”, which has come to be 
recognised as an important factor in an Anti-Tuberculosis 
campaign, owes its initiation to Sir E. W. Phillips who opened 
the first of its kind in Edinburgh in 1900. Since then, several 
hundreds of such have been opened up on the same lines all 
over the world. His idea that no one method of dealing with 
the disease could be effective in combating every aspect of the 
problem, culminated in the growth of the dispensary which 


f 
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was destined by him to be a centre of co-ordinating all tbe 
various agencies endeavouring to figlit tbe disease. In general 
the functions of tbe Tuberculosis dispensary are to serve 


1. Keceiving bouse and centre of diagnosis. 

2. Clearing bouse and centre of observation. 

3. Centre of curative treatment. 

4. Centre for tbe search of incipient cases. 

5. Centre of after-care. 

6. Information bureau and educational centre. 

The dispensary is not merely one in tbe usual sense of 
tbe word, but a great “clearing bouse” where various types 
of tbe disease are sorted out and sent to tbe various institu- 
tions most suited to tbe particular stage of the disease. Tims 
tbe medical officer has to be in close touch with tbe private 
practitioners, and tbe directors of numerous institutions 
affording treatment, e.g., Sanatoria, Hospitals, Open Air 
Schools, etc. Tbe staff usually consists of a medical officer 
with nurses and health visitors whose duty is to pay 
domiciliary visits to tbe patients attending the dispensary 
with a view to instructing them in elementary sanitation 
and finding out early cases. Tbe King George V Anti- 
Tuberculosis League Dispensary at Bombay, now und(‘.r 
Municipal control, opened in 1912, was tbe first of its kind in 
India and has served as a model for similar dispensaries 
opened up in many of tbe larger cities and towns of India. 
In large towns of India it wnuld be advisable to have indepen- 
dent Tuberculosis dispensaries, one for every 100,000 people, 
and they should be so situated as to be easily accessible to 
the working classes. 

Sanatokia. 

Tbe sanatorium serves as a curative and prophylactic 
measure of great importance. Modern experience has pressed 
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for the necessity of providing for every community sanatoria 
in which early cases can be treated and cured by removing 
them from the haunts of infection to suitable situations 
where their life can be regulated under medical control. 
From an educational point of view, it serves to impress upon 
the patient and his relations the nature of the disease and its 
mode of spread so as to enable them to continue the same 
care on his return home. 

Whilst admitting of easy administration, the structure and 
surroundings should be inexpensive, yet hygienically as per- 
fect as possible, and so built as to command the maximum of 
fresh air and sunlight. The question of locality and site has 
several inherent difficulties. In India it is preferable to 
establish sanatoria on the plains rather than at some hill 
stations. The plains have a number of advantages in India 
which are of great importance in deciding their value. They 
are easily accessible to the poor and, as the climate would 
conform more or less with that in their own country, it would 
be possible for the patient to safely return to his home 
without in any way feeling any change. A trip to the hills 
entails much expense and thus the poor are debarred from 
going to such places. The site should be healthy and with- 
in the reach of the district it is intended to serve, the ideal 
position being a place 2 or 3 miles from a railway station. 
The principal desiderata in judging the value of a place are a 
southerly aspect, low rainfall, protection from sun and wind, 
and free circulation of air round the sanatorium. Ample 
water supply without great expense is essential. The soil 
should be dry and porous with extensive lands round about 
planted preferably with pine trees. Amongst the other needs 
are freedom from heavy rains and dust, and ample space for 
further development. The amount of accommodation requir- 
ed for sanatorium treatment is estimated by the Depart- 
mental Committee on Tuberculosis as one bed for every 
5,000 inhabitants in addition to hospital beds for advanced 
cases. They also recommend that the sanatorium should 
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not contain fewer than 100 beds. Amongst the principal 
sanatoria in India may be mentioned ; — 

1. Turner Sanatorium, Parel, Bombay. 

2. Bahadurji’s Sanatorium at Deolali. 

3. King Edward Sanatorium at Bhowali (Kuraaon Hills). 

4. Bel-Air Sanatorium at Panchgani. 

5. King Edward VII Sanatorium at Dliarampur. 

6. Mission Sanatorium at Almora and Madanpalli. 

7. Hindu Sanatorium at Karla. 

8. Wanless Tuberculosis Sanatorium at Miraj. 

The Departmental Committee have divided cases of Pul- 
monary Tuberculosis into six classes ; — 

(1) Cases in which the disease can be diagnosed or is 

strongly suspected, but in which there is no evident 
impairment of the working capacity. 

(2) Cases of recent onset, with some impairment of the 

working capacity, but without marked evidence 
of ill-health. 

(3) Cases of recent onset, with evidence of acute illness, 

(4) Cases of a longer history of illness. In some of 

these cases permanent arrest of the disease may 
be hoped for, but in the majority, restoration to 
full working capacity for more than a short period 
is not to be expected, 

(5) Cases in which there is a permanent loss of work- 

ing capacity. Many of these patients live for a 
considerable period in a condition of chronic ill- 
health. 

(6) Cases in which a fatal termination within six months 

is probable. 

Treatment in sanatoria will be chiefly necessary for cases 
falling within classes 2, 3 and 4, and for a small proportion 
of cases within classes 1 and 5, 
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Village Colonies. 

Tile establishment of open air colonies in Europe lias 
been considered necessary to prevent a relapse in the large 
proportion of those who though discharged as “ arrested ” from 
the sanatorium have had to return to their insanitary homes 
and dusty occupations. Muthu has recommended for India 
a system of village colonies where consumptives can go to 
with their families and live an open air life and at the same 
time engage themselves in some occupations like garden- 
ing, small industries, carpentering, etc. Such colonies would 
be model villages possessing many activities and becoming a 
centre of education and training. If successful, they could be 
self-supporting or at least partly so. The persons fit for 
transfer to the colonies should be those free from constitu- 
tional taint, with no rise of temperature, and with arrested 
local manifestations. Such persons could easily work for 
three to four hours a day and produce work which could 
make the colonies self-supporting. For various reasons 
village colonies if adopted in India should thrive, land being 
easily available. The colonies should consist of groups of 
cottages with large gardens and containing accommodation 
for a hospital, sanatorium, school for children, farm, dairy, 
laundry, etc. 


Hospital por Advanced Cases. 

The far advanced cases constitute the greatest source of 
infection and unless these are segregated, the chances of 
spread of the disease are multiplied. Hospital accommoda- 
tion should be provided by the State, or Municipality or 
charitable persons. The open cases of Phthisis pass millions 
of Tubercle bacilli in their sputum. The careless habit of 
such patients of spitting indiscriminately and the personal 
contact at home with relations and friends greatly increase 
the risk of spreading infection. The most practical way in 
which medical relief could be afforded to the poor is by the 
creation of separate Tuberculosis wards, where those who are 
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lower down in tlie scale of life and who would be a source 
of infection at home could be nursed and be treated free of 
charge. Open air shelter, lean-to shelter, consisting of a 
verandah, could be added to almost any hospital. 

Geneeal Sanitaey Methods. 

This part of the subject has a wide scope, for it includes 
the laying out of streets, the provision of improved roads of 
communication, the construction of dwellings and work- 
shops so as to ensure sufficient air-space, free ventilation, and 
abundant sun-light, the cleansing of streets and alloys, the 
avoidance of dampness, the removal of filth and dust, etc. 
The provision of more suitable houses for living than 
what the people possess and a domestic condition in which 
the physical health, the morals as well as the social condi- 
tions can be improved is the pressing need of the day. It 
has often been expressed and quite rightly too that the 
true solution of the Tuberculosis problem lies in the open- 
ing up of broad roads and so ensuring abundant air, light 
and ventilation in each and every room of the building. 
The question, therefore, of improving congested and insani- 
tary areas by a systematic town planning, and of granting 
extended powers to local authorities to deal with such areas 
is one which merits the earnest consideration of Govern- 
ment. The building by-laws regulating the open space round 
houses and floor space require revision in most cities. 

Open air Schools. 

A large part of the work of prevention of Tuberculosis 
can be most effectively carried out through the school. 

The Government of Bombay in a Resolution have in- 
timated the necessity of : — 

(а) Giving definite instructions in the schools in large 

towns on the dangers of Tuberculosis. 

(б) The establishment of special classes for tuberculous 

children who should be segregated from their 
fellows. 
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(c) The opening of open air schools for children who are 
in a poor condition and likely to hecome 
tuberculous. 

In India where the exigencies of the climate, except per- 
haps during the monsoon, are not such as to prevent the 
holding of classes in the open air, the need of such open air 
schools is all the more felt. A regular and systematic 
medical inspection of school children and school premises 
should be carried out by medical men and health visitors at 
the instance of Government or Municipality. Many students 
and some school teachers in various educational institutions 
sufier from Phthisis and are therefore a great menace to the 
innumerable children that come in contact with them. Chil- 
dren in boarding schools, orphanages and foundling homes 
are largely prone to the disease. Great care has to be taken 
in the planning of school buildings, so as to provide the maxi- 
mum of fresh air and sunlight in the dormitories and school 
rooms, and great discretion has to be exercised in framing 
the scliool dietary and the curriculum of the students. 

Open air schools should be established on the outskirts 
of the town. Such schools should have a nice garden, play- 
field, large dining room, resting sheds and baths. The 
services of a medical oflacer, a trained school nurse, and a 
dentist are necessary. The duration of the stay should at 
least be six months. The following are some of the suitable 
cases for such schools : — 

(1) Children with tuberculous glands in the neck. 

(2) Nervous and highly strung children. 

(3) Children convalescing after serious illnesses. 

(4) Anaemic and rickety children. 

(5) Delicate children living in the same house as a 

notified consumptive. 

Special Sanitaey Measuees. 

The phthisical patient must be taught not to spit promis- 
cuously on the floor and walls or in the streets and foot-paths. 
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Notices as to dangers of spitting should be widely circulated' in 
all public places, workshops, factories, railways, tram-cars, etc. 
A consumptive should be instructed to always spit into a 
vessel containing a disinfectant or into a pocket glass which 
can be cleansed or into a paper spittoon which can be burnt. 
Phthisical patients should use their own spoons, forks, 
cups, glasses, etc. They should not sleep together with 
others. They should hold a handkerchief to the mouth 
whilst coughing or sneezing, and they should avoid kissing 
children. No dust should be allowed on the floors, walls, 
etc., and the latter should therefore be cleaned from time to 
time with a damp cloth. Free ventilation is of the greatest 
importance for the health of the patients and unafiected 
members of the family, and therefore the windows should 
always be kept open. 

Educational Measures. 

Education of the people and most specially of the children 
of to-day must be co-ordinated with the efforts of sanitary 
authorities to improve the surroundings of dwellings. The 
Bombay Sanitary Association has done much useful work 
in this direction by organizing several public lectures in 
institutions and schools, by cinematographic shows and by 
publishing several leaflets, posters and literature on the sub- 
ject for the benefit of laymen. 

Measures for the Protection of Food. 

Inspection of meat and milk, dairies, cow-sheds and 
slaughter bouses should be systematically carried out. All milch 
cattle should be tested with tuberculin and such as react to 
the test should be removed. Legislation should be adopted for 
compensation and slaughter of infected animals. All infected 
animals should be cast away and destroyed. Complete control 
of the milk supply by the State is necessary ensuring the 
removal of dairies from centres of large towns and cities, 
cleanliness in the collection of milk and the transmission of it 
from the dairy to the consumer. The indifference of the 
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■average Indian to protect hid food from the invasion of flies 
may lead to the contamination of milk or any other food- 
stuffs in more ways than one. 

Mention ninat also be made of B. G. G. Immnnization of Infants. 

The aim of Professor A. Calmette of Paris and of his Veterinary collea- 
gue, C. Guerin has been to secure immunity against tuberculosis by the 
inoculation with a Vaccine containing avirulent Imng tubercle bacilli. By 
230 passages on a highly alkaline lipoid containing culture medium prepared 
with ox-bile, a strain of tubercle bacilli has been obtained which is said 
to be harmless on inoculation and followed by immunity. This strain is 
now known as Bacillvs Calmette-Gnerin or R C. G. Professor Calmett 
strongly advocates the adoption of B. 0. G. Vaccination in infants in all 
countries as a social measure against tuberculosis. In Prance 336,000 
children had been inoculated upto May 1st, 1931. Although Professor 
Calmette and liis colleagues and some of the wellknown continental authori- 
ties have spoken highly of the B. 0. G. Vaccination, yet it has not received 
universal sxipport, particularly amongst the English Physicians. The 
British Medical Journal of 20th Jime 1931, in its leading article entitled. 
The value of B. 0. G. Vaccination” states as follows : — 

“ Professor Calmette has failed by his animal experiments to convince 
the bacteriologists and by his human experiments to convince the statis- 
ticians. His logic is excellent, but his premisses are improven. Hot rmtil 
he or other workers can bring more convincing evidence in favour of his 
particular method of Vaccination is there likely to be any general move- 
ment to adopt his methods in this Country.” 

Measures carried out in Bombay. 

Leaflets in English and vernaculars are freely circulated 
and lectures delivered and notices against spitting issued to 
all schools and public places. 

Cases of Phthisis are notified to the Health OjOScer, and 
the houses are disinfected and lime-washed ; 1,629 cases 
were notified and 266 houses disinfected on account of the 
disease in 1932. 

The Bombay Municipality has under its control two anti-tuberculosis 
dispensaries, one Sanatorium and a hospital for the advanced. The 
sanatorium is situated in the north of the island on a small hillock with 
extensive open grounds, and has accommodation for 32 patients in early 
stage of the disease. The hospital for advanced cases has 80 beds. 

The Municipal campaign against tuberculosis in Bombay includes 
the following important measures ; — 

(1) Compulsory Notification of the disease. 

(2) Tuberculosis Dispensaries — two. 
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(3) Sanatorium with 32 teds for early cases of tuberculosis. 

(4) Tuberculosis Hospital for advanced cases with 80 beds. 

(5) Surgical cases requiring operative treatment accommodated at 

the Municipal General Hospital— King Edward Memorial 
Hospital. 

(6) Medical Inspection of school children. 

(7) Supervision of milk and food supplies. 

(8) Special allowance for the support of the family of nec^-issitous 

patients. 

(9) Examination of contacts at the dispensaries. 

(10) Educational propaganda in co-opcration with the Bombay 
Sanitary Association and also by house to house visiting by 
qualified nurses attached to the dispensaries. 

Plague. 

The first epidemic of Plague in India was noticed 
in Bombay in August, 1896. In spite of all attempts to 
prevent it, it spread all over the island, and from the island 
to the mainland. The disease may be said to have become 
indigenous in Bombay from 1897. 

In 1898 a Plague Commission vms appointed to imiuire 
into the cause, &c., of the disease. The Commission s]>ent 
four months in India and returned to England, and in 1901 
issued a report on their investigations. Evidence was taken 
from every one in India who wdfs considered to have had 
any experience of the disease. In addition to this Commission, 
deputations were sent from Austria, G-ermany, Eranco, Russia, 
Turkey and other countries to investigate the disease. The 
inquiries have all been published and comprise niucli that 
is of value. But the actual results of this Commission, so 
far as controlling the disease or throwing any liglit on its 
origin, its method of infection and measures to prevent its 
spread in India are concerned, have been practically nil, as 
evidenced by the virulence of the disease during succeeding 
years in India. 

The Plague Research Commission, appointed in 1905 
published from time to time the results of their investigations 
giving new and interesting material bearing on the subject. 
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Introduction into Bombay. 

How the disease was brought to Bombay in the first instance is still 
unascertained. Several theories have been advanced, the most important 
being as follows : — 

(1) The disease may have been brought to Bombay by sea from 

Hongkong or from the infected parts in Southern China. 

(2) It may have been conveyed from the Persian Gulf, the disease 

being endemic, in Mesopotamia. 

(3) The infection may have been carried from Kumaon and Garhwal 

Hills to Bombay by pilgrirnsj. 

(4) Another theory is that it was brought by pilgrims from Jeddah. 

It has been suggested that the infection may have been carried 
by rats, merchandise, infected clothing, food and grain. 

N. B , — A reference to the map of sonthern China, India and Arabia will 
bo of interest with regard to the theories suggested. It will be 
seen that in August, 1896, Plague finst a])pearod in Bombay 
after an interval of 200 years. Plague was reported in Hong- 
kong in 1894, 1895 and 1896 ; also in Arabia and China in 
1893, 1804, 1895 and 1896. 

Bombay is a large and important port and city on the west coast of 
India, ami in eonstant communication with Arabia and the Persian Gulf 
and the lied Sea Count, A.s.syr, &c., wliero Plague is endemic. 

The disease first a]ipeared at Bombay and sjiread inland to India, 
west to east, Tlic disease did not come overland across the continent of 
India to Bombay. It is I’casonable then to a.s.sume that it was introduced 
by shipping. The trade between Bombay and Hongkong is small com- 
pared with the other Indian Ports, as Calcutta, Rangoon and Singapore, 
&c. Ships trading between Hongkong and Bombay touch at many ports 
before reaching Bombay, but no history of Plague is known previously at 
any of the ports of India and Burma, previous to the outbreak of Plague in 
Bombay in 1896, nor did Plague appear at any city inland between Kumaon 
and Bombay. It appears, therefore, more than jirobable that the disease 
came from the Persian Gulf or Arabia, being brought either by pilgrims 
who come and go to the extent of 20,000 per annum, merchandise or 
grain, rats or vermin. The disease appeared first in granaries or quarters 
occupied by merchants near the docks. 

Once introcliiced into Bombay witii its large population 
all conditions were ready for its rapid diffusion. 

Plague, tborougbly established, thrives when suitable 
conditions are found for its sustenance, and when the people 
are over-crowded, live in dark, dirty, ill-ventilated, badly 
lighted houses ; when the bouses and rooms are so dark as to 
require a light in the day time, when the sick and the healthy 
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live together, when the conditions of climate, atmosphere, 
temperature and moisture favour its propagation, and when 
the habits and customs of the people prevent measures being 
taken to prevent the spread of the disease ; when the floors, 
walls, ceilings and collections of rubbish in houses form a 
suitable rendezvous for rats, fleas and all sorts of vermin ; 
when the primitive method of night-soil removal and drainage 
facilitate the accumulation of filth and garbage, and provide 
a happy hunting ground and food supply for rats. 

The incidence of Plague follows closely insanitary 
surroundings, absence of domestic and personal hygiene, over- 
crowded insanitary areas, want of ventilation and light and 
the presence of filth — ^in fact, the incidence of the disease is 
directly related to the insanitary domestic surroundings 
which harbour rats. 

Sanitation and Plaoue. 

Sanitation, properly applied, influences the spread of 
Plague. Sanitation is the result of bacteriological, clinical 
and epidemiological investigation into the cause of disease 
and embraces the whole of practical, preventive medicine, as 
well as the every-day work of practical sanitation. It is 
not for a moment suggested that the insanitary surroundings 
mentioned are the cause of Plague ; but the insanitary 
condition of the people, due possibly to poverty and 
ignorance, is the cause of the persistence of Plague. 
Plague is practically confined to that class, and when it 
is contracted by those who pay more attention to sanitation, 
the disease is easy to control. 

Sanitation includes not only the provision of sanitary 
houses and streets and proper method of drainage and water- 
hut everything which tends to improve public health 
and to prevent the spread of disease, including investigation 
into the causes of sickness and death, the provision of 
hospitals, medical relief, health visitors and instruction in 
personal hygiene and the spread of the knowledge of the 
cause of disease. 
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Statement showing Plague Mortality in the' whole 
OE India and in Bombay City since 1896. 


Year. 

No. of 

Deaths from Plague 
in India. 

No. of 

Deaths from Plague 
in Bombay City. 

1896 

2,219 

1,936 

1897 

63,816 

11,003 

1898 

116,285 

18,185 

1899 

139,009 

15,796 

1900 

92,807 

13,285 

1901 

283,788 

18,736 

1902 

583,937 

13,820 

1903 

865,578 

20,788 

1904 

1,143,993 

13,538 

1906 

1,069,140 

14,198 

1906 

366,721 

10,823 

1907 

1,315,892 

6,389 

1908 

166,480 

5,361 

1909 

178,808 

5,197 

1910 

512,605 

3,656 

1911 

846,873 

4,006 

1912 

306,488 

1,717 

1913 

217,869 

2,609 

1914 

296,623 

2,941 

1915 

380,501 

599 

1916 

205,527 

1,987 

1917 

437,036 

1,706 

1918 

440,752 

1,143 

1919 

74,284 

702 

1920 

99,368 

282 

1921 

i 69,682 

811 

1922 

77,615 

632 

1923 

229,149 

1,329 

1924 

1 361,843 

409 

1925 

117,717 

174 

1926 

196,249 

56 

1927 

43,801 

207 

1928 

121,242 

257' 

1929 

72,489 

29 

1930 

24,840 

29 

1931 


24 

1932 


37 
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Plague is a specific, inoculable and otlierwise communi- 
cable epidemic disease common to man and many of tlie 
lower animals. It is cbaracterised by fever, adenitis, a 
rapid course, a very higb mortality and tbe presence of a 
specific bacterium, Bacillus pestis, in tbe lympbatic glands 
viscera and blood. In a large proportion of cases, buboes 
form in tbe groins, armpits or neck, 

Tbe characteristic microbe appears in great profusion 
in tbe buboes, in tbe spleen, intestines, lungs, kidneys, liv<u, 
and other viscera and also— though in smaller number— in 
tbe blood. In tbe Pneumonic type of tbe disease, it is present 
in tbe sputum in enormous nmnbers. It occurs also in tlio 
urine and fasces. 

Yersin’s experiments prove conclusively that Plague, is 
communicable by ectozoa, especially rat fleas, principally 
Xenopsylla cbeopis, which act as passive intermediaries and 
carriers of tbe bacillus. Tbe Bacillus pestis multiplies in 
tbe stomach of the flea, retaining its virulence for 7 or 8 
days and being passed out in the faeces ; so that tlie flea 
serves not only as a carrier, but also as a multiplier of tbe 
germs. 

Easearcbes by the Plague Commission showed that 
Plague in man is intimately connected with Plague 
in rats, and that the fleas from infected rats convey the 
disease to man. As far back as tbe history of tin* disease 
goes, tbe rat has in some way been associated with tbe 
disease in man, and rats have been destroyed with tbe object 
of preventing it. 

The following is a sununary of the report of tbe Plague 
Commission’s work : — 

(1) That epidemics of human Plague are directly 

dependent on the occurrence of epidemic Plague 
in rats. 

(2) That there is no evidence that any animals except 

rats play an important part in Plague epidemics. 
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(3) That in the great majority of cases, during an 

epidemic of Plague man contracts the disease 
from Plague-infected rats through the agency of 
PlagTie-infected rat fleas. 

(4) That in large towns Plague may persist throughout 

the year since a few cases of acute Plague in man 
and rats occur during non-epidemic Plague 
season. 

(5) Pneumonic plague is highly contagious and spreads 

directly from man to man probably by the 
droplet method, 

(6) Infection is conveyed from rat to rat by the rat flea . 

(7) Cases of bubonic plague in man are not in them- 

selves infectious. 

(8) Plague is conveyed from place to place usually by 

imported rat fleas carried in clothing, baggage 
etc. Transhipment or transportation of Plague 
carrier rats from one place to another also opens 
up new centres of infection. 

Diagnosis of Plague in the rat. 

Posi-martem appearances : — 

(1) Sigor mortis. — Well marked and prolonged, limbs project stiffly 

and the carca8.s has a woodeib rigidity, 

(2) Sulmdaneous con.gpsi.Um and ho&morrhages, — Distinct reddish hue 

on removing the skin, subcutaneous haemorrhages seen 
commonly in the submaxillary region and the flanks. Pink feet 
in rats dead over one hour are quite characteristic and well 
marked in the fore-feet. 

(3) Buboes. — ^In order of frequency, these are found in the neck, 

axilla, groin and pelvis. 75 % arc in the neck. 

In the primary bubo, the gland is enlarged and congested 
and when cut across shows haemorrhagic points. It is 
recognised by the presence of enlarged hard masses in the 
situation of the lymphatic glands, and by the existence of 
infiltration and extravasation of blood in the vicinity. 

In the secondary buboes, the gland is slightly enlarged and 
congested ; but there is an absence of infiltration and 
hsemorrhages. 
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(4) y/te Ziver,— Larger than normal— pa7rr and 'pinkish in advanced 

cases. 

It pits on pressure and is easily lacerated. Lobules clearly 
demarcated and this, combined with the yellowish appearance of 
the parts affected, contrasting with the reddish colour of the 
congested areas, constitutes what is termed 'mottling. Small 
necrotic foci are scattered over its surface ; these are discrete 
and about the size of a pin’s head and show as if the liver 
were dusted with pepper. This granular or mottled a}>pearance 
is very characteristic. 

(5) Spleen — Larger and firmer. A necrotic patch if combined with 

even slight “ mottling ” of the liver is very suggestive of Plague. 

(6) The Pleura — ^Pleural effusion is very characteristic. The effusion 

is q^uite clear and is often very abundant. 

Bemarlcs . — The presence of a typical bubo ; after which, in the order 
of their importance, come the “granular” liver, subcutaneous licemor- 
rhages and pleural effusion. 

If all these features are absent, then the rat is not Plague-infected. 
A rat poisoned with the “ rat exterminator ” may show granular liver, but 
in this case the absence of all other signs of Plague and the presence of 
acute inflammation of the stomach and mtestines, a condition never scan in 
Plague, serve to render the diagnosis easy. 

A large subcutaneous hoemorrhago without other signs of Plague is 
due to injury. 

Rats with eczematous or hairless patches should ho discarded. 

Natural History and Habits or Eats. 

The hahits of rats vary according to the species to which 
they belong. There are different kinds of rats, but 
for convenience they may be divided into (a) house rats and 
(&) field rats. 

This division is not strictly accurate, because some field 
rats enter houses and vice versa. 

The house-frequenting rats are of prime importance so 
far as Plague in man is concerned. 

There are at least four common house-frequenting rats 
in India but they do not all play an equally important part 
in the spread of Plague. 

Two of these ’four kinds can be dismissed very shortly ; 
they both belong to the genus Nesokia, a group of rats more 
familiarly known as bandicoots. 
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Before Plague was introduced into Bombay, the large 
bandicoot (Nesokia bandicota) was frequently seen in bouses; 
it is now rarely seen in bouses but is found in open fields. 

Occasionally, however, tbe lesser bandicoot (or Nesokia 
Bengalensis) is met with. 

Among a very large number of rats found dead and 
caught alive in Bombay City and examined by the Plague 
Commission, this species constituted only 1% of tbe whole. 

Nesokia Bengalensis — Short, stumpy, pig-Iiko face. Broad fore-head 
Large ears. Rough bristly fur. Short, comparatively hairless tail. 

The other two kinds . of house-frequenting rats with 
which we are more concerned are : (1) the Eattus JSTorve- 
gicus and (2) the Eattus fattus. 

Rattus Norvegious — This rat is comparatively rare in India. Indeed 
it is never found in inland villages , and has only recently established a 
footing in some of the larger Indian seaport towns. It is mainly a sewerrat. 

It is found in Bombay City where sewers and drains exist, but it 
cannot be captured in the suburbs where drainage systems are unknown. 
It lives in burrows and drains, for the most part constructed outside the 
houses, but it enters houses for food. 

It feeds on garbage of all kinds, it is a dirty, shy, timid rat, shunning 
the .society of man. It first made its presence manifest in England and 
some other European countries coincidently with the disappearance of 
Plague from them. 

The rat is said to have been imported from Norway ; hence it has been 
called the Norweigian rat. 

It gradually displaced in England another species, viz., Rattus rattus. 



Eattus Norvegicus- 
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Kattus Rattus— This rat was common in England in the early Plague 
period. It has, therefore, sometimes been called the old English black rat. 
It is the common house rat of India. It is a neat, elean-liraig creature, 
very domesticated and constantly associated with man. 

It lives and breeds in human dwellings, in cupboards, beneath boxes or 
among any sort of lumber. It finds ideal conditions for existence in Indian 
houses. Intimately associated with man, it readily finds shelter on ships 
and trains among the materials placed on board for transport. 

It frequently makes for itself burrows in the earthen lloons and walls of 
huts in Indian villages ; there it breeds and multiplies with great rapidity, 
feeding upon the grain and other materials stored in the house. 

In the island of Bombay there are proliably .‘1 sewer rats (R. 
Norvegicus) to every 7 of the house-rats (R. rattus). 



Raltus Rattm. 

Comparative Table. 


j Rattus Norvegicus. 

Rattus Rattus. 

Size 

Comparatively large. 

Comparatively small. 

Colour 

Brown. 

Dark. 

Head 

Thick and short. 

Small and pointed. 

Nose 

Blunt. 

Sharp. 

Ears 

Small, opaque. 

Large, translucent. 

Goat 

Rough. 

Smooth. 

Eody 

Longer than tail. 

Shorter than tail. 

Habits 

Burrowing. Lives in drains 
and cellars. 

Lives in roofs and inside 
the houses. 
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R. raitus is a Plague-spreading rat because of its babits. 

That R. raitus is the most important plague-spreading 
rat in India has been amply proved by the Plague 
Commission. 

The Plague among R. rattiis precedes the Plague among 
men by an interval of a week to a fortnight. 

The Rat Problem in India. 

The rat problem in India falls under the following 
heads ; — 

A. Diseases caused by rats. — 

I, Plague. 

II. Rat bite fever. 

III. Spiro cha3tosis. 

IV. Other diseases in man and animals, viz., 

Trichinosis, etc. 

B. Material damage caused by rats. — 

I. Consumption of grain. 

II, Damage to standing crops. 

III. Damage to fabrics, structures, etc. 

IV. Accidental fires, etc. 

C. Expenses incurred in rat destruction and in anti- 

Plaguo measures. — 

I. Payment of staff. 

II. Traps and poison. 

III. Anti-Plague inoculation. 

IV. Evacuation, disinfection, etc. 

Rats and Plague. 

The association of the rat with Plague is no new theory. 
The mortality amongst rats preceding a Plague epidemic 
has been quoted in the history of most of the Plague epidemics 
for many years. Since, however, the discovery of the Plague 
39 
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bacillus by Kitasato, and tbe presence of tlie bacillus in tbe 
lat during the Plague epidemics, the relation of rat Plague 
and human Plague has been clearly demonstrated. 

The relation of the epizootic and epidemic Plague 
has been carefully studied in outbreaks of the disease in 
Hongkong (Hunter), South Africa (Blackmorc and IVlitchell), 
Sydney (Ashburton Thompson), and other ])lac(\s, and was 
early recognised in India by Simond, Hankin, A\'eir, and the 
G-erman Commission. 

Some idea of the intimacy of the correlation between hunmu l:’hv.;ue 
and Plague in if. raltus can he gathered when it is stated that it has been 
mathematically calculated from figures STippIiod by the Plague C'ninniission 
that the correlation co-efficient of human Plague with the rutins Plague of 
the second previous week is ’9407 with a i}o.ssible error of -}-’n09(5. Statisti- 
cians generally consider a correlation co-efficient very large when it is 
greater than ’75. We may conclude, then, that the relationship between 
the incidence of Plague in man and Plague in if. ntUm is extremely close. 

The Commission, as the result of exhaustive iu< piirios in 
certain small villages, where R. raftus was jiriiorieally the 
only rat caught, were able to show that the correlation in 
time found to exist between Plague in R. rattus and l^lague 
in man held good also as regards space. Where rats died, 
there, a week to a fortnight later, human cases comniouly 
occniTed. They were thus able to conclude that Plague in 
R. rattus is the direct cause of human Plague in India. It is 
the habits of R. rattus, tlie house-rat, that make this rat so 
important a Plague-carrier, 

The common cause of Plague in the rat and man is the 
Plague bacillus, a delicate organism which can only exist 
in the body of a living animal The mere handling of Plague 
infected animals or living in contact with persons suffering 
from the disease, is not as a rule the means by which infection 
is conveyed from the sick to the healthy. Under ordinary 
circumstances, infection can only take place when the Plague 
germs are injected beneath the skin. In other words, the 
bacillus requires to he transferred from the blood of the sick 
to the healthy. This transfer of the germ from the sick to 
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the healthy is generally effected by the blood-sucking rat-flea, 
the X. cheopis. 

There is however another form of Plague, the pneumonic 
which is conveyed by direct infection. 

Breeding. 

One female rat can have 6 litters of young every year and 
on an average 8 in each litter and is thus capable of producing 
48 rats per annum. Of these 48, nearly half are female 
and at the age of a little more than two months each female 
is capable of conception, producing in about six weeks, a 
litter of from 6 to 9. 


FECUNDITY TABLE. 
After SuscMag. 

One pair of rats. 


1 doe lias 
a litter. 

Dec. 

29. 

Feb. 

15. 

Apl. 

1. 

May. 

15. 

July. 

1. 

Aug. 

15. 

Litters. 

6 of 8=48 

1st goii rntion : 

1st litter : 4 (loos 

have litters. 

Apl. 
ir, (a) 

June 

1(a) 

Julv 
15 (a) 

Sept. 

1(a) 


4 by 4 

of 8=128 

2ii(l litter : 4 doe.s jjune 

(b) have litters.j 1 

July 

15 

Sept. 

1 



3 by 4 

of 8=96 

3rd litter : 4 doe.s 

(c) liave litters. 

July 
15 (c) 

Sept. 
1 (c) 




2 by 4 

of 8=64 

4th litter ; 4 docs 

have litters. 

Sept. 

1 (P) 





1 by 4, 

of 8=32 

2nd (jencrnlinti : 

1st litter ; 16 does 
(a) have litters. 

Aug. 

1 

)Sept. 

15 




2 by 16 

of 8=256 

2nd litter ; 1 6 doe.s 

(a) have litters. 

Sept. 

15 





lbyl6 

of 8=128 

1st litter : 16 does 

(b) have litters. 



•• 

•• 

' 


lbyl6 

of 8=128 

Total. .880 
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Tlie young E. rattus at birth has the appearance of a 
tiny, hairless, red lump of flesh weighing about 5 grammes. 
The eyes are closed and open only after a period of two weeks. 
The young rat gains about a gramme per day in weight till 
it grows up to a weight of 100 grammes. After reaching this 
limit the increase in w^eight is not so regular as to enable one 
to tell the age of the rat. The young are weaned in the 
course of the 4th week, and reach a state of maturity on 
attaining a weight of 70 grammes or when a little over two 
months old. 


Damage done by Eats. 

Eats do great damage to property and material —by 
burrowing under foundations, through walls, gnawing 
through doors, partitions, ceilings, and house-gullies. In 
docks, warehouses and shops a large quantity of merchandise 
is annually destroyed. They have also been known to gnaw 
through gas and water fittings, through drains and sewers, 
causing thereby great inconvenience to the residents. Food, 
furniture, books, furs, leather and valuable textile goods, 
fruits, vegetable and standing crops are readily attacked and 
if not devoured, are destroyed by rats. In India the annual 
loss due to rats from all causes is estimated at 60 crores of 
rupees. 

It is estimated by Mr. Boelter that there is a rat 
population in England and Wales of 40,000,000 rats, or 1 }K'r 
head of the human population. Assuming that this ratio 
holds good in Bombay, the rat population in Bombay before 
rat destruction began would be 1,000,000. The natural 
mortality is estimated as 25 per cent, per annum and the 
mortality of rats accounted for by rat campaigns 25 per cent. 

This does not represent the actual number destroyed, as 
many thousands are poisoned and their dead bodies washed 
out in the sewers and are never found ; probably as many 
more are destroyed by rat campaigns, and the number is 
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thus ]s;ept down, because in a confined and limited area, the 
number could not go oh increasing. 

Mr. Boelter estimates in his book (“The Rat Problem”) 
that every rat will do one farthing’s worth of damage every- 
day. This will give an idea of the damage done by rats. 

In addition to the rats caught and collected, there must be 
about the same number dying of other causes, or roughly 
1,000,000 per annum and this represents on the above 
basis about £400,000, or 60 lakhs of rupees per annum saved 
to the commerce of the City. But it means a great deal 
more than that, as had these rats not been destroyed, after 
deducting deaths from natural causes 26 per cent, of these 
could have increased to 200,000,000. 

It might be argued that, by killing 600,000 rats annually 
in Bombay, the remaining become stronger and multiply 
faster. It has been compared to a war where the population 
of a country always become greater and stronger after a war ; 
but in war the females are not killed, only males, while in 
rat-war both are killed and very often, killing a female n 
10 others are killed and the war is always going on and 
the number thus kept down. An increase of males in wild 
multiparous animals tends to decrease the population if there 
be not a corresponding number of females. 

It is estimated that in the grain godowns in the 
City, there are rats doing a damage to the grain of at least 
Rs. 5,000,000 per annum. 

The Main Food of Rats. 

The R. rattiis prefers as food, grain which is in common 
use in the locality or country. The Poona rats will prefer 
bajri grain, the Madras rats rice, the Sholapur rats jowar 
grain and so forth. In the hot weather and where an in- 
sufficient supply of water exists, the rats prefer fruit and 
vegetable to grain. The most popular with them are the 
sweet potato, melon, cucumber, coriander leaves, mango and 
the cocoanut. 
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Blood of Plague-infected Rat containing Plague bacilli. 

Fleas. 

THere are many kinds of fleas, some being more ]>articnliir 
than others in the selection of their host, 
t They are chiefly distinguished by their size and colour, 

the shape of their claws, and the presence of bristles 
on particular parts. 



Stomach contents of flea showing Plague bacilli. 
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Besides having structural differences, fleas vary in 
their preference for different hosts. The rat flea generally 
remains on the rat, but when hungry may attack man or 
animal. 

The flea seems to pass some time on the host, and the 
remainder in dirt, dust and sand. 

The eggs, oval, smooth and white and about 12 in number, are laid in 
dust and dirt, and sometimes in the hair and fur of aninials and hatch 
out in about 3 days in the summer and ten days in the winter. 

The young larva is a pearly white fourteen-segmented grub (about 
105 m.m. in length) with a large brown head, scanty hairs on each segment 
and no legs. 

The larvae live as such about 7 days and then spin cocoons and develop 
into chrysalids while in the dust. 

These chrysalids remain in the cocoon for- about 8 days, so that about 
20 days altogether are occupied in the growth and development of the flea. 



Pule* irricaus 


Pulcx Irritans— This is the human flea. Tt is very select in its choice 
of the animal on which it feeds. It is seldom found on others than man. 

It is of large size, bright coloured, eyes distinct. 

Found in dark and dirty habitations. No bristle.? behind the head but 
present on posterior extremity of the abdomen. Claws, large and scythe- 
like. 

Gtenocephalus Canis— Commonly called the dog flea, ibis not very parti- 
cular in the selection of its food. It will suck the blood of dog, cat, rat, man, 
horse, goat, guinea-pig, hedge-hog, kangaroo, rabbit, and a number of 
other animals, although it prefers to feed on a dog or eat and will select 
these animals in prqjference to others when they can be found. 
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Ctenocephalus Canis. 



Et‘i'iit<i|iliylliis Fiisuiiitus— The ei.nimoii Ilea foutirlou ruts in Euroi^e is 
iiKtre or lens parti(‘ular in its ehoice, being generally found on rats. 

This flea has combs behind the head hut no bristles around the mouth. 
It is the commonest among the brown rat fleas. 



XenopsylJa Cheopis— The commonest Indian rat flea is of small size, 
bright coloured. It loves darkness and is very eensitivo to light. 

At first sight it resembles the human flea. 
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It has no bristles behind the head. It has bristles on the posterior 
extremity of the abdoroen, and possesses elegant sickle-shaped claws. 
These points are perhaps better seen in the subjoined illustration. 



A small flea of dark colour. Not nootural in habits and frequently 
found in light places. 

Unlike the Oeratophyllus faaciatus, it readily feeds on a number of 
animals. In the absence of the rat it will bite man, especially when it 
has been starved for 2 or 3 days, but when rats are available, it will leave 
man to take to the rat. 

This peculiar habit of fleas of .selecting animals explains why Plague 
does not attack man until a few days after the death of rats. The order of 
events is recognised to be, first Plague among rats, then a lull, and this 
is followed by Plague among men. The lull can now be explained by 
the fact that rat fleas seldom attack man till forced by hunger to do so- 
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The fl(;a, luiving fed on an infected rat, escapes 
from the dead body of the rat and searches for fresh food ; 
in its passage from the place where it has left the dead 
rat, it conies in contact with human beings, and being 
hungry, will attack man. Now, it is not asserted that the 
bite of the flea alone is sufficient to convey the disease, al- 
though it is possible, but the flea having lived on a Plague- 
infected rat contains in its stomach a large number of Plague 
bacilli and the bacilli are deposited where the flea rests. It 
is 1hiis possible for fleas to gain access into rooms, clothes 
and bedding of human beings, and then to bite and deject 
the bacilli, which gain entrance to the skin either by the 
pricking and irritation of the bite or by the breaking of the 
skin or wound. The habits of the people who sleep on the 
floor with seamy clothing, their uncovered feet and bodies 
constantly exposed to infected material, make them ready 
victims to tiiis method of attack. 

Eat fleas cannot travel far miless carried by a host. The 
rat is the common host of Z. cheopis, but man occasionally 
carries these fleas on his person or clothing for long or short 
distances. Eat fleas cannot on their own legs travel great 
distances ; twenty or thirty yards would constitute for them a 
long j ourney, but carried by a host they can cover any distance. 
Z. cheopis, the. rat flea, is most frequently carried by rats 
from place to place ; but as rats usually confine themselves 
to comparatively small areas, and do not wander fa,r from 
their holes, infection can only be spread in this way to a 
limited extent. At times, however, rats are carried in trains 
and in ships for long distances concealed among various 
articles of commerce, especially grain and rags. In this way 
rat fleas may be transported from place to place. Fleas 
spend a great part of their existence on the ground, and not 
on their host, and there too, the larva lives and feeds. 

In this habit fleas difler from lice which confine themselves 
far more closely to a particular animal than do fleas. 


Plague Ineection. 


619 


Another method by which transference may take place is 
by the carriage of these insects by man on his person or in 
his clothing for long or short journeys. This means of trans- 
porting rat fleas is most likely to occur when, rats having 
suddenly become scarce, the rat fleas seek man to feed upon. 
These conditions are most often found in a Plague-infected 
house. People coming from such houses are liable, therefore, 
to harbour rat fleas on their person and some of these fleas 
may carry in their bodies the Plague germ. Thus it comes 
about that rat fleas are carried to healthy areas and, when 
introduced there, they leal*© man and seek the rats. If the 
rats are bitten by infected fleas, Plague may break out among 
these animals and later, in turn, man may become infected. 
In short, it may be stated that rats are usually responsible 
for the spread of Plague in an infected locality, but man 
not infrequently carries infected fleas from an infected place 
to a healthy area at a distance. 

Plague germs can multiply in the stomach of the rat flea. 
This makes the flea an ideal transmitter of the Plague 
organism. ' It removes the bacilli from the blood of a sick 
rat, the bacilli multiply in its stomach, and then it trans- 
fers them from one healthy rat to another, till at last the 
affected rats die of the disease and then from hunger the 
fleas take to man. 

On dissection of the flea. Plague germs have never been found anywhere 
save in the stomach and rectum. 

How tlien does the bacillus emerge from the stomach and pass to the 
mandibles and thence to man ? 

A theory advanced by Messrs. A. W. Bacot and C. J. Martin is as under ; 

From experiments made with certain Plague-infected fleas which were 
permitted to suck vigorously at the .shaven abdomen of rats, it was seen 
that no blood entered their stomach. The flea, like many other insects, 
has at the opening of its stomach a sort of valve, covered with tooth-like 
cells, called the proventriculus, which clo.«es during the process of digestion. 
When Plague germs enter the stomach of a flea, they soon form solid jelly- 
like masses of bacterial culture ; these drift forward into the proventricu- 
lus, choking the valve so securely that no food can enter the stomach. A 
flea in this state sucks and Sucks, but merely distends its gullet. But 
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thci Ami*." frantic efforts to assiiajfe its thirst drive some of the Plague germs 
forward from tlm vaivo chamfter to the gullet, and when it relaxes, some 
of the blood it; lias sucked surges from the gullet into the puncture made 
in th(; man or the rat. The blood has meantime become infected, and 
earrif'S the Plague germs with it, »Sueh is the scientific interpretation of 
the obsinin' problem— the channel of communication between the stomach 
of the fica, in wliieh the Plague germs multiply and the seat of puncture 
in cither man or rat, This is probably the most usual method of infection, 
fjcrtfiin variations in this method have been suggested hut the principle 
remains the same, f.c., infection through regurgitation of the bacilli from 
a distended and blocked gizzard and stomach. 

Along with many other insect.s, the flea has the habit of passing dejecta 
while feeding. Tlu‘se may be ruldied or scratched into the bite and thus 
f'onvey plague through the bites of iirevfbu-sly infected fleas. This view 
has not la'cn actually discredited. 

AnotluT possible medhod of infection lie.s in a flea interrupted in its 
fe<‘d off an inft'cted animal and conveying the bacilli in its subsequent feed 
mechanically by enntaminated proboscis or by regurgitation from the 
Pharynx. This view has not been accepted by the Plague Commission. 

Certain points in the Bionomics of the rat flea deserve attention. 

The rat lioa may complete its cycle in 10 days in warm damp weather, 
but th(i usual period is l.‘5-20 days. It can live for about 10 days apart 
from its host hut at suitably low temperatures may live upto 2 months 
without food. In hot climates it can harbour the plague bacillus upto 
about 40 days. .Mthoiigh plague has been conveyed by other species of fleas 
and by insects other than fleas the X. Oheojns is the irnime infecting factor, 
firstly becauMi it is the predominant rat flea in parts of the world where 
plague occurs and secondly because of its proclivity for attacking other 
hosts including man in the absence of its natural host the rat. 

Prevention of Plague. 

Measures for the prevention of Plague are : — 

1. Compulsory notification and registration of the 

cause of death. 

2. Wax against rats. 

3. Evacuation. 

4. Disinfection. 

5. Inoculation. 

6. Quarantine. 

7. Improvement of insanitary areas. 

8. Complete system of scavengering. 
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9. Free medical relief. 

10. Circulation of knowledge by lectures, leaflets and 

diagrams. 

1 1 . Eat-proof dwellings. 

(1) Compulsory Notification and Eegistration op 
THE Cause of Death. 

This measure needs no particular comment, as the neces- 
sity for it is obvious. 

Wben ten or more fatal non-imported cases of Plague 
occur during a single week in any place, it sbould be notified 
as infected. The Government of India empkasize tke fact 
tliat the occurrence of a single, definitely non-imported 
case of Plague is strong presumptive evidence of the co-exist- 
ence of an epizootic amongst the rats. For this reason 
they consider it inexpedient that a place should be declared 
free from Plague until several weeks have elapsed since the 
last Plague-infected rat was found. This surmises that 
measures for the destruction of rats are in force and that 
rats found dead are submitted to examination — ^both matters 
of very considerable importance in the larger parts in this 
country. 

(2) War against Eats. 

Considering the enormous loss of lives due to Plague for 
which the rat, owing to its close association with man, is solely 
responsible, and also the vast amoimt of damage done by 
these rodents to property, material and standing crops, etc., 
the question as to how to prevent this loss successfully 
arises. The key to the problem lies in carrying out the 
work of rat jp^evention which is the first and most 
important of the methods, and of rat destruction which 
is the second and which must be persistently and without any 
relaxation put into force when the first, viz., rat prevention 
is not efficiently carried out. 
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Hat Prevention. 

This cun be effected in various ways : — 

(1 ) By cutting off tlie access of rats to their food supply 

especially grain, water or green vegetables. 

(2) Bv reducing shelter to rats to the lowest possible 

hwel. 

(:]) By reducing easy opportunities for breeding. 

(4) By .separating important centres of rat infestation 
from areas inhabited by human beings. 

(. 0 ) ]4y cHliicating peo]jle to consider the rat as one of 
their greatest enemies. 

Thi-jiM of iJiese conditions can be met by enforcing the 
princi])les of rat -free and rat-proof constrnction. For rat free 
construction it is important to bear in mind that a R. rattus 
cannot stretch itself more than 7 inches,, that its highest 
jump is 24- feet, its transverse jump 4 feet, that it brnrows 
with its tf.'eth and never to a greater depth than 2-| feet, 
tliut it cannot climb up a hard, smooth and vertical surface, 
tliat its runs are close against walls and corners of rooms 
and that the situation of its burrows in the house or ware- 
boiist? is invariably in the walls and especially at the corners 
at a distance of about 2 feet above the floor or a foot down- 
wards below the ceiling. 

The tollowing rules are important for observance in 
rat-])rooling structures : — 

(a) The flooring should be of solid construction and 
fitted with stone slabs or minton tiles or other equally 
hard material. 

{h) Widls should be pwcca and impervious to rat attack ; 
fixing of glazedtiles to walls to aheight of 3ft. is an advantage. 

(c) The ceiling should also he of solid construction and 
so designed as to afford no facilities for rat runs or nests 
and the rooms \vell lighted and ventilated. 
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(cl) The drains to he of sound construction and proof 
against rats gnawing through the joints. Disused drains 
should he removed and the opening at the sewer end cemented, 
or well protected. All holes and burrows to he well rammed 
in with cement or glass. 

(e) Buildings in the docks and places where rats con- 
gregate in large numbers should have metal protectors for 
the foundations extending downwards to a depth of 2|- feet 
into the soil and protruding onward at an angle, which angle 
must be filled with concrete. 

(/) Eat-proof receptacles should be used fo^r the storage 
of food and refuse. 

The second condition can be met by making it impossible 
for rats to find shelter in drains and sewers, in farm-yards 
and stables, in hay-ricks and corn stacks and in compounds, 
by the removal of all ratty surroundings and dumps 
of accumulated refuse and in our residences by making the 
residences rat-free if not rat-proof. 

The third condition can be met by disturbing the rats 
in various ways. House cleaning, shifting of furniture at 
regular intervals, etc., are some of the easy ways of achieving 
the object. It must be borne in mind that their breeding 
appears to be a very delicate process and the slightest 
disturbance is quite enough to upset them. 

The fourth condition can be met by locating granaries, 
ginning factories, stables, cowsheds, slaughter houses, etc., 
at some distance from human habitations. 

The fifth condition needs no description, but it may be 
added that without the co-operation of the people, no success 
in the campaign against rats is possible. 

In many of the grain godowns and shops in Bombay, 
owned by Jains, rats are not allowed to be killed. On 
the contrary they are encouraged to live and tins of water 
can be seen placed in the godown for the rats to drink. 
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Tlio uforcpaid ineasiiros explain tlie logical basis of tbe 
following desiderata of grain stores ; — 

(a) VViierever possible, the wholesale storage of grain 
should be effected in buildings apart from those in which 
retail trade is carried on. 

(b) Wholesale grain stores should not be situated in close 
proximity to densely-crowded areas of a city. 

(c) \Miol(‘sale grain stores should never be utilized for 
jiurposes of human habitation. 

(d) Bearing in mind tliat water is essential for the life of 
the rat, no water accessible to rats, or fresh vegetables should 
be allowed in wholesale grain stores. 

( i‘) A s rat.s are unable to circumvent a smooth horizontal 
projection of nine inches, such a ledge surrounding a grain 
store (HI the top of a plinth three feet high is effective in 
prohibiting the ingress of rats. On the sides of the building 
in which the doers are situated, this ledge can conveniently 
be enllirged into a platform 2 feet or 2 feet 6 inches in width. 
Beinforced concrete is a suitable material for such ledges 
and platforms. 

(f) The roof of the godown should overhang thi s platform 
and ledge to prevent the accumulation of rain water thereon. 

(g) No .steps or similar means of facilitating ingress 
should be allowed. In practice the incovenience caused 
by the absence of such steps will be found inconsiderable. 
Bor unloading sacks of grain designed for such a store, the 
bullock cart can he pushed close to the platform, which is 
also at a convenient height to facilitate the deposit thereon 
of sacks from a cooly’s hack. 

(h) Rats will, from time to, time, be introduced to 
such a store but they will be compelled to leave in search 
of water and should find their return extremely difficult. 
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(i) In villages and places where the cost of such pucca 
buildings is prohibitive, relatively rat-free stores can be 
made of almost -any material, provided the roof is water- 
tight, by raising the floor on uprights surmounted by rat 
guards similar in design to those commonly employed on 
ships’ cables. These uprights should be at least three feet 
high and should support the beams on which the floor rests. 
This floor might be made of wood. The space underneath 
the floor can be left open and kept free from weeds and rank 
growth with but little trouble. The above suggestions 
should be sufficient to enable “ rat-free ” godown, suitable 
for any requirements, to be designed, provided the principles 
on which the suggestions are made are borne in mind, 
suggestions which are all based on an appreciation of the 
habits of rats. These godowns will be so constructed and 
kept as to ensure a remarkably decreased rat population. 

Other means of diminishing the risk of the conveyance 
of Plague-infection through the medium of grain and similar 
merchandize will suggest themselves. The diminution of 
the facilities, at present existing, for rats to enter goods- 
wagons and carts ; the re-sacking of grain ; the erection 
of platforms on which grain received loose can be bagged 
these and similar measures all require attention in certain 
cases. 

Section 384 A of the Bombay Municipal Act gives powers 
for prohibiting godowns or places for storage in connection 
with wholesale trade of grain, seed, or groceries in any building 
intended to be used for human habitation without Municipal 
permission. 

Legislation similar to the one introduced in England and 
known as the Rat and Mice (Destruction) Act, 1919, needs 
to be urgently introduced in India and to be such as to be 
easily and efiectively worked by all the Municipalities, big 
and small, against the owners and occupiers of rat-infested 
premises and lands, 

40 
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Rat Destruction. 

The following are the methods of rat destruction:— 

(1) ]Vitli the h'lp of its natural enemies, such as cats, 
terriers, ferrets, inangooses, kites, owls, stoats, weasels, etc, 

(2) By means of irapping. Various forms of traps are 
on the market. There is the box trap, breakback trap, the 
toothed-claj) trap, the well, pit, varnish and barrel or tub 
trapis, the wire cage trap (the Wonder trap), death run and 
terrier blocking trap, etc. 

Of the traps the most effective is the Wonder or the 
French Pattern Trap. For liouses tlie Death Run Trap acts 
as a useful auxiliary and the Terrier Blocking serves well 
in places such as big yards, hotels, etc. 

The Wonder Trap is verj' thoughtfully constructed and 
is made to suit the rat in its ordinary movements, so that 
there is no one point in it which would scare the rodent, 
but on the contrary fills the rat with confidence as it 
moves in. It is capable of capturing as many rats as 
can get in it. 

The “Death Run” Trap is a new and efficient trap, 
strongly made of galvanised wire. It is intended as a run 
trap, and needs no baiting if set against a wall ; the trap is 
sprung by the rats simply passing over the treadle which is 
counter-weighed and so caimot be sprung by vibration. 
There are no -springs to get out of order as the doors close 
by their own weight. 

The Terrier Blocking Rat Trap is an elongated wmoden 
box, about 6 ft. in length, with a drowning cage attached to 
its narrow end. It has got two openings, one on either side 
which serve as entrances and another one in its roof about 
its middle, which is used for putting the baits in. All these 
are guarded by doors. In order to draw the rats towards the 
trap and also to induce them to enter it, a trail of baits is 
laid beyond both ends which is continued inside and the trap 
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is not sprung for a week or ten days, wKen first set, to allow' 
the rats to become used to it. On the night that the rats are' 
to be caught, the bait consisting of flour or crushed corn 
(which cannot be removed at once and which the rat has to 
nimble little by little) is placed in the centre of the interior 
of trap and a man keeps a watch, by keeping himself at a 
distance of 30-40 ft, away from the trap. A string is carried 
from hooks attached to the doors of the two openings and 
this, he pulls in order to close the trap as soon as he sees that 
a suflicient number of rats have got in. The trap should be 
sprung first time, at least three-quarters of an hour after 
the premises have been quiet. 

The rats caught the first time may be frightened, from 
one end of the trap when they try to pass out by the other 
end to which the drowning cage is attached. They jump out 
into the cage and get drowned in the water. The trap is 
now ready for effecting another catch. 

This trap is especially useful for quays, slaughter-houses ; 
knacker’s yards, hotels, provision stores and such other 
places. 

The results of rat-catching with this trap are not quite 
successful as much depends on the care and vigilance of the 
watchman employed for springing the trap. 

All the three types of traps mentioned above are now 
used in Bombay. 

Batts toe Teapping. — The best bait to be used in a 
trap should consist of dough made of the flour in common 
use in the locality. This has been found to be more successful 
and attractive than substances such as meat, fish, cheese, fat, 
spices, oils of rhodium, anisi, coriander, oil scented baits, 
paper baits, live rat as bait, etc. 

How TO Conduct a Teapping Campaign. — In carrying 
out trapping campaigns, use traps equal in number to 5 per 
cent. o£ the population. This number will enable the 
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operator to set the traps in every house in his section once 
a week. 

To he successful the work must be done systematically, 
under good supervision and there should be no relaxation in 
the operations. It is necessary that special attention should 
be given to trapping between successive poison-baiting 
campaigns and also before the commencement of and during 
each breeding season of the rat which extends from January 
to June. The traps must always be in a thorough state 
of repairs. 

The manner in which the work should be organised 
should be as follows if systematic operations are iutended 

(1) Divide the City or Town into sections, and if the 

latter are too large in area and extent, further 
sub-divide them into sub-sections. 

(2) Place an Overseer or Muccaduin in charge of each 

of these Divisions or Sub-divisious. 

(3) Place three rat-bigaries under the control and 

direction of each Overseer or Muccaduin. 

(4) Each bigary thus supplied to each Overseer or 

Muccadum must bo capable of manipulating 80 
rat-traps daily. 

(5) Therefore place 240 traps in the charge of each 

Overseer or Muccadum, making him responsible 
for any losses or damages due to negligence, 
and instruct him as to the work to be done by eacli 
bigary under him. 

(6) The trapping work should be carried out street 

by street, so that no place is omitted from the 
operation. In distributing the traps the following 
points should be observed 

A two-storey house, a sweetmeat shop, big cattle 
shed, a stable, or a restaurant to be considered 
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as 2 houses ; 4 rooms iu a chawl as one house. 
Bearing these considerations in mind, two traps 
should he distributed per house every day for 
all the week days. Sundays should be devoted 
to repairs and cleaning of traps. 

(7) Spots in each Division or Sub-division should be 

marked out and fixed for each day’s collection 
of rats. The spots should be convenient for eachi 
day’s operations. 

(8) All traps should be changed and this will necessarily 

take place daily as the operations have to go on 
street by street, so that the whole of the Section 
or Sub-section is treated with traps in every house 
once a week. If any single setting gives a result 
of 5 or more rats, that trap may be retained on 
the same premises for a day or more. Care must 
be taken hot to set a trap within 6 feet of a rat 
burrow. 

The Muccadum or Overseer should send a slip showing 
the location of the trapping for the day to the Inspector in 
charge of the rat operations in the City daily and in addition 
maintain a note book- possessing the following columns : — 


Street. 

House. 

Ho. 

Name of 
Party. 

No. of 
traps 
given. 

No. of 
traps 
returaed 
next day. 

No. of 
rats I 
found. 

Date & 
Month. 


Where traps are refused, a mark against the house number 
should be made thus “ X ” and where the house is found to 
be completely closed or locked up, the mark against the 
number should be “ 0 

The Inspector in charge should record the results as 
under : — 

(1) No. of rats caught.per 100 traps set. 

(2) The percentage of traps containing rats. 

(3) Average number of rats per house. 
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Particular note should be taken of seasonal variations 
k the number of rats caught ])er 100 traps set. 

(3) By means of foisoiis. 

The following poisons have been used in connection 
with rat destnietion : the Punjab Rat Exterminator, Common 
Sense Rat Exterminator, Arsenic, Rough on Rats, Sodium 
Arsenite and Arsenate, the Bombay Municipal Laboratory 
rat poison, Squill, and Barium Carbonate. Of these poisons 
Barium Carbonate has been found to be one of the most 
reliable. Its advantages over other poisons are that it is 
non-inflammable and can be easily conveyed from place to 
place, that it is tasteless, ordourless, and the cheapest of all 
poisons so far known. In the amounts used for rat-baiting, 
it is not harmful to domestic animals or human beings. 

Fatal doses of different hinds of Poisons. 

Barium Carbonate 

Punjab Exterminator 

Common Sense Poison 
Bombay Municipal Laboratory Poison . . 

Acid Arsenicum 

Rough on Rats 

Sodium Arsenate 

Sodium .ilrsenite 

The average fatal period. 

Hrs. 

Barium Carbonate . . 15 Acid Arsenicum 

Common Sense .. ..20 Rough on Rats 

Punjab Poison .. .,21 Sodium Arsenite 

Bombay Municipal Lab- 
oratory Poison . . 24 

How TO Conduct a Baiting Campaign with Baeium 
Caebonate.— Trapping operations should cease in the areas 
where poison baiting is to be done. 


3 Grains. 
3 
3 
3 


Hrs. 

30 

32 

53 
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The number of baits to be prepared should be equal 
to at least one per head of the population in the areas to be 
treated. 

Each bigary should have 750 baits for distribution or 
laying, and 150 pieces of brown paper 3" X 3" numbered 
from 1 to 150. 

The residents must be given previous intimation that 
poison baiting of the area will commence from such a day 
and last to such a day, to enable them to take all necessary 
precautions. 

At dusk and with lantern in hand the bigary should 
move out for carrying out his work. Each piece of paper 
should have 5 baits placed on it, and the laying of the pieces 
should be in serial order, and the places where they are kept 
noted. The poison should be laid in places needing the 
greatest attention. This the bigary can always know from 
his rat-trapping experiences. 

When poison is to be laid in rooms, the papers (two 
to a room) with the baits should be handed over to the 
occupants with instructions as to how to place the baits 
and when to collect the same. 

Important places such as house gullies, hedges, or dark 
unused rooms should never be overlooked by the bigary. 

No sooner he has placed the 150 pieces of paper, each 
with 5 baits he must report the fact to his Overseer or the 
Muccadum who will check the work done by asking the bigary 
to point out any particular numbered paper or papers. Early 
the following morning the bigary will collect all the papers 
with baits if any, remaining on them and bring them to the 
headquarters. These should be checked with the list of the 
places where each numbered paper was laid, and the condition 
of the baits noted, such as, number eaten, number partially 
eaten or nibbled, and the number uneaten. 

The success of a poison baiting campaign of an inter- 
mittent character can be said to be attained when 75 per cent. 
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of the baits laid are eaten. The operation will appear efiective 
during the first three days only. 

Baiting should not be continued in the same area for 
more than 5 days as by this time the remaining rodents would 
learn to avoid tlieni altogether ; but the operations may be 
resumed after the lapse of a month or thereabouts. 

Baiting versus Trapping. 

Baiting is a violent method, trapping is not so. Wiliness 
after baiting is absolute and prolonged, not so after trapping. 
Rat population is reduced markedly after intensive baiting, 
not so under trapping. Baiting is comparatively a cheap 
method ; trapping is expensive. Baiting is suitable for short 
campaigns, trapping for prolonged campaigns. Baiting 
is more suitable for evacuated areas, trapping for populat- 
ed areas. Baiting is extremely unpopular in populated 
areas owing to rats dying in inaccessible situations and the 
risks to children and pet animals, etc. Trapping is preferred 
in populated areas. 

The other methods of rat destruction are 

(4) By means of viruses. 

There are many viruses on the market, such as 
" Liverpool Virus,” " Ratin,” etc., but the use 
of them has been found to be unpopular, owing to 
the risk of infection to man from infected rats. 

(5) By tneans of gas. The one found most popular is 

Sulphur dioxide. This gas is easily generated 
and always indicates its presence by its pungent 
odour. The other gases are Barker’s flue gas, 
Hydrocyanic acid gas, Phosgene gas, and Carbon 
monoxide gas, and are not much resorted to on 
account of their very dangerous nature. 
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(6) By the use of Qyanogas “ A ” Dust. 

The use of Calcium Cyanide in the form of dust 
has been found to be effective and is being 
extensively used all over the country. It is known 
as Cyanogas ‘A’ dust, 

Cyanogas is a fine dust and is guaranteed to contain not 
less than 4:0% and not more than 50% of pure Calcium 
Cyanide. This dust owes its value in rodent control to 
the fact that when exposed to the air, it is acted upon by 
the moisture in the atmosphere forming hydrocyanic 
acid gas, leaving behind a harmless residue consisting mainly 
of ordinary slaked hme. 

There are two ways of using this dust in the destruction 
of rodents. 

The first is to place well down into the openings of the 
burrows by means of a long-handled spoon an ounce or two of 
the dust, the holes thereafter being closed with soil alone or with 
a plug of grass covered with wet clay. The second is 
to blow dust into the burrows by means of a good dusting 
pump or machine. 

The use of this dust is very effective in destroying rats 
in places suited to its use. It has also been found to be very 
useful for fumigation of enclosed spaces. Of course the usual 
precautions must be observed in operating with this material. 

The advantage lies in the fact that not only are the rodents 
destroyed but fleas and other insects as well, and in enclosed 
spaces, flies, bed-bugs, green-house insects, cockroaches, ants, 
etc., are also killed. 

(7) By making a search for rat-holes and destroying the 

blind baby rats. 

(8) By introducing the Rodier system, which has for its 

obj ect the reduction of the rat population by bring- 
ing about an inequality in the numerical sex rela- 
tionship — the males being released unhurt and 
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femalosslauglitered. This process in course of time 
renders the male population sufficiently in excess 
of the females to harass the latter, and render 
propagation difficult with the result of smaller 
litters, and the destruction of the young. It also 
helps further in reducing the rat population as 
the males are billed in fighting against one another 
for the possession of the female. 

Destruction of Rats as Carried out in Bombay. 

Tlu'Health Department of Bombay are destroying nearly 
6(lCU>0(l rats in Bombay every year. 

Deducting 10 per cent., i.c., 60,000 for rats that do no 
harm, e.^., small rats, mice and musk rats, there will be 540,000 
Miifi rattus and Mus decumanus, the black and brown rats. 
At least lialf of these will he females. Thus 270,000 female 
rats are de.stroyed annually. 

The procedui'e adopted is as follows : — 

Each of the 10 Districts in Bombay has a staff specially 
trained in rat destruction work. The traps used are the Chitre 
Pattern “ Wonder Traps,” the “ Terrier Blocking Traps ” and 
the “DeathRun Traps”.' The number of traps brought into 
use daily by each district ranges between 100 to 150. 

The poison used is Barium Carbonate. Baits in the form 
of pills are made, each such bait coutaining 3 grs. of Barium 
Carbonate made upto 15 grs. with dough of Bajri flour. 

The total number of baits prepared daily by each district 
is 3,500 baits. 

On Sundays and holidays no baiting operations are 
carried out. 

The Rat Stafi of each district assemble at 3 p.m. each 
day at their respective administrative headquarters and after 
giving their attendance prepare themselves for carrying on 
work both of trapping and baiting. 
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Poison Baits and Cyanogas Appaeatus. 

A, Bajri Plour. B. Barium Carbonate, 0. Prepared Baits. 

D. Cyanogas A ’* Dust. E. Poot-pump, 

Wliilst lialf tiie number keep cleaning out tbe traps, 
putting them in order and baiting them, the other half is busy 
preparing the poison baits. 

The area to be treated is marked out in sections, and so 
arranged that before the week is out, the entire area of the 
district is completely attended to, the work starting afresh 
the week following. 

Before it gets dusk the staff start out for the work and 
distribution of traps and the laying of poison baits is com- 
pleted by 7 p.m., each day. 

Next morning the traps are collected, so also are the 
uneaten baits and a search made for the dead rats. 

The staff then repair to their respective headquarters 
or ward stables and have their catch registered. The places 
where rats have been taken alive or picked up dead are noted 
on a chart with the name of the rat-catcher and a similar 
entry is made in the Rat-Register. 
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.SHOWS THE TEATS BEING BAITED. 

All results are daily seat to tKe Head OflS.ce and 
tabulated. 

A map of each section is kept and the daily rat mortality 
and human mortality marked thereon with red and blue 
dots, with the date of occurrence of each case. 

Flooding. — The method h frequently resorted to in open 
spaces, Iiouse-gullies and court-yards which are heavily 
burrowed by rats. Water under pressure is hosed into the 
burrows and the inmates if any are either drowned or killed 
by sticks with which the operators are ready, should any 
rodent attempt escaping. 

Pumping with Cyanogas " A ’ Dust. — ^This process is 
adopted in all rat-buirowed spaces, open to the air. The 
treatment is continued in a space taken in hand, until such 
time no fresh burrows are made. These two latter methods 
have proved very successful in open areas where trapping 
and baiting have failed to have any appreciable efiect. 
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Traps and boxes containing live and dead rats are tbien 
placed in carts and sent to the Hafikine Institute at 
Parel for examination. On the arrival of the carts there^ 
the box numbers and the number of rats are checked by the 
authorities with the statement sent from the Health 
Department office, as each rat-catcher has to be paid for 
the rats he brings. 

Though the examination of the dead rats at the Haffkine 
Institute is a very unsavoury process, it is a very 
valuable index of the state of Plague. A 'post-mortem 
examination of rats is made, and it takes about 2 
minutes to determine the presence of infection by the examina- 
tion of the glands of the groin, neck, organs, &c. From 
500 to 700 dead rats are thus examined daily. The live and 
putrid rats are not examined. The carcasses are disposed of 
by burning in an incinerator installed in the Institute 
grounds. 

The result of the examination is sent to the office of the 
section in which the dead rats were found. If the rats are 
infected, the iiouses where such rats were collected from 
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CHKCKINO THE RATH WITH THE STATEMENT SENT FROM THE 
HEALTH DETAUTMENT, AS EACH RAT-CATCHER HAS TO BE PAID FOB 
THE BATS HE BRINGS. 
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are fluslied and disinfected with, pesterine. The inmates are 
■ asked to move out, while the houses are being disinfected 
into a camp provided for them and the locality is treated 
with poison baits and traps. 

By the examination of dead rats, the phase of the rat 
epidemic or epizootic is known. A rise in the epizootic is 
always the precursor of the epidemic in man. The rat index 
is thus of immense value. 

Every rat-catcher must bring 7 rats per day free and 
he is paid at anna ^ each only for those rats over and above 
this original seven per day. Moreover, to prevent slackness 
he is not allowed to bring less than 9 rats per day on more 
than three occasions in a month. ' The original 7 free rats 
per day are taken as such in return for his fixed wage of Ks. 23 
per mensem. Any catch over and above that number represents 
so much extra gain to the man. This rule applies only 
to the “ special rat-catchers.” Men not employed as such are 
given anna per rat irrespective of numbers brought. If a rat 
is missed or lost on the way from the stables to the Institute, 



FLUSHING AND DISINFECTION OP PLAGE WHERE INFECTED RAT 
WAS FOUND 
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a distance of 5 miles, the rat-catcher loses his fee. Empty 
traps and tins are returned to the districts concerned. 

Cost of Preparing 3,500 Barium Carbonate Baits. 

Es. a. p. 

Barium Carbonate li lbs 0 4 6 

Bajri flour 4 lbs 060 

Labour for preparing baits . . . . 0 5 0 

0 15 G 

There should be no relaxation in the eflorts at rat destruc- 
tion. The aim must be to secure at least the destruction of 
rats equal in number to twice and preferably thrice the human 
population of the area treated. Any lull in the operations 
will soon be followed by rapid breeding, and the town or 
country will soon find itself in the same position, if not worse 
in r(‘.sp<H;t of rats, as when the operations were first started. 

Dr. Howarth in his report on “Eat Eepression in the City 
of London” says : — 

“ xU the present time tivo chief conclusions seem to be 
justified ; — 

{i) Rats apparently multiply to the limit of the means 
of available subsistence. Under favourable con- 
ditions litters are large, since reproduction is carried 
out under a maximum of satisfactory circum- 
stances. When food supply is less than is necessary 
to maintain in a satisfactory condition the rats 
which exist in an area, there probably results an 
automatic control owing to increased mortality 
and reduced fecundity. 

(n) Intermittent attempts at rat diminution almost 
certainly result in constant maintenance of maxi- 
mum rat prevalence. The reduction wliich takes 
place as a consequence of sporadic efl’orts results 
in additional advantages being the legacy of those 
that remain, and a subsequent increase follows 
until the normal level is regained.” 
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(3) Evacuation. 

Of all the measures that are organised for combating 
Plague, evacuation of the infected areas or houses as soon as 
an epidemic is notified, or even before that time is the only- 
measure the people voluntarily resort to. They have great 
faith in this measure. 

In the early days of Plague, perhaps, they -were averse to 
leave their homes for various reasons, as they -were to every 
measure, hut when they began to understand the cause 
of the spread of the disease, they eagerly resorted to 
camps. 

The principle of evacuation is a sound one and, 
combined with rat destruction and examination of dead rats, 
is of great utility in controlling the disease. 

Previous to the anticipated outbreak well-built, tempor- 
ary huts should be erected on suitable places not far 
removed from, the area which will be affected. The huts 
should be built on a plinth in rows 20 to 30 feet apart with 
proper bathing places and a good supply of water, with the 
floor and passages tarred, and closed receptacles for the 
deposit of refuse provided as well as latrines and urinals. 

It is possible in some cases to vacate large areas before 
the outbreak begins but the people generally wait until rats 
begin to die. 

Every dead rat should be examined and the result regis- 
tered ; action should then be taken to vacate the building 
where the rats are found ; the whole building baited and 
trapped, pesterined and hme-washed, when it can be re- 
occupied 10 to 14 days later. 

Eat campaigns should be organised and continued all 
through the year. 

In Bombay this procedure is followed ; in some instanced 
difficulty is experienced in moving people out, but -with 
patience and perseverance, much can be done. The task- is 
41 
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no liglit and oaBy one and req[uires tact and perseverance 
as in all such measures for the control of infectious diseases 
in India. 

It is argued hy some that disinfection and evacuation 
are of little use in tlie i>rcvention of Plague but the concensus 
of opinion of those who have had acutal experience is in 
favour of both. It is argued that it is too late to take action 
after Plague rats have been found but this argument is falla- 
cious, as has often been proved in Bombay. 

A dead rat is found in a room or passage it is examined 
and found infected. It may be assumed that other rats are 
infecte<l which may have not been picked up and not examined. 
It may also l)e assumed that each rat had fleas on it 
before death and that the fleas have left the rat to 
find another temporary host. The passing of the flea from 
one rat to another means that it has to travel some distance 
and it takes a certain amount of time in getting to the next 
host. In the meantime if the surroundings are properly 
pesterined, the fleas leaving one rat will have to pass through 
pesterine which they fail to do and die in the attempt. 

To say it is too late to evacuate or disinfect after the death 
of a rat or human being is to forget what happens in every 
other infectious disease, where the cause is due to direct in- 
fection and not depending on the fleas. Take Small-pox, 
Tuberculosis, Diphtheria : a case or death occurring in a 
room. The room cannot be disinfected while the patient is 
alive, but are no disinfecting precautions to be taken to 
prevent the spread of the disease after the death or removal 
of the case ? 

As soon as a case is brought to the notice of the staff and 
the room can be vacated, one or more guinea-pigs should 
be put into the room in suitable cages and subse- 
quently examined for the presence of any Plague-infected 
£ms. The room is locked an(| subsequently, when the guinea- 
pigs are removed, disinfected. 
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(4) Disinfection fob Plague. 

In disinfecting against Plague infection, it was necessary 
to look for an insecticide. 

Tke work done by tbe Plague Commission skewed tkat 
tke usual ckemical disinfectants kad no effect on fleas. 

In 1906 Dr. J. A. Turner, tke Healtk Officer of Bombay, 
seeing tke results obtained in France from tke use of L’kuile 
de Sckiste in killing flies and tkeir larvae, procured a small 
quantity and experimented on fleas in rat-infected kouses. 
Tke result was so satisfactory tkat tbe crude fuel oil is now 
used as tke standard metkod of treating all rat-infected 
places. Tke name given to tke substance was “Pesterine* 
and its use kas become universal in India. 

Disinfection witk pesterine skould be carried out tkus. 
Tke articles required are : — (1) pesterine, (2) wooden or zinc 
buckets, (3) brushes, (4) brooms and (5) a watering can. 

Tke men wko do tke disinfection skould wear long coats 
and protect tkeir feet witk shoes or cJmppals. 

Begin by sprinkling pesterine on tke floor of tke 
room to be disinfected. Then remove all tke furniture, etc., 
out of tke room. Any fleas dislodged during this process will 
be caught in tke pesterine already sprinkled on tke floor. 

All clothing skould be collected in sacks and sent to a 
sterilizer for disinfection witk steam. 

After tke room kas been emptied, begin by spreading 
pesterine with a long brush, first over parts of tke walls — 
up to 3 feet. Carefully go over all tke nooks and cracks 
and ledges. Walls can be quickly done, if tke brushes are 
used in a horizontal manner. Then sprinlde a little more 
pesterine on tke floor, and witk a broom spread it all over 
in an even manner. Generally, it will be found tkat tke 
quantity sprinkled at first, together witk tkat splashed while 
doing tke walls, will be quite sufficient for tke floor. 

Finally, pour a little quantity into every rat-kole seen 
on tke floor. * . 


Pesterine is not a disinfectant ; it is only an insecticide. 
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Disinfection is now complete and the pesterine should 
he allowed to stand for twenty-foui hours ; the room is then 
ht for re-occupation. 

Pesterine is useful in horse and cattle stables, and for 
ground contaminated with urine and faeces ; collections of 
water should be treated by pouring the oil on the surface 
and allowing it to remain. 

Crude petroleum oils answer the same purpose, but are 
more expensive. 

The use of Kerosene as a pulicide has been advocated by 
some. Various mixtures have been recommended. For 
method of using it see page 948. 

It is now well known that Plague is conveyed from rats to 
people by means of fleas. It has also been found that 
people going from a Plague-infected place to another that is 
free from Plague may carry with them in their clothes, bedding 
or baggage the infected fleas of that place. On arrival at 
the end of the journey, the bedding is unrolled and the baggage 
unpacked, and the fleas being at liberty to bop ont, do so, 
and immediately go to the rats of the place to feed upon 
their blood. These fleas at the same time infect the rats 
and thus the rats get Plague and die, and soon the people of the 
village will begin to die of Plague also, for they will catch it 
from the rats. Kow, as this is the way Plague comes to a 
village, it is possible to prevent its arrival by killing all the 
fleas in the baggage, clothing and bedding of all new arrivals. 

For the method of killing fleas by exposure of the 
clothes to the sun and the precautions to be observed in 
connection with it, see page 950. 

(5) Inoculation. 

A brief reference to the Bacillus Pestis would be 
useful at this stage. It is a short, gram negative, non-motile, 
non-spore-forming organism. It grows in broth forming at. 
first, a slightly granular or powdery deposit at the bottom 
and the sides of the flask holding the broth. 
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If ghee or oil is floated on the top of the broth, a striking 
mode of growth results subsequently to which the term 
‘‘ stalactile ” has been applied. This consists of the growth 
of pendulous, string-like masses, which hang from the fat 
globules on the surface into the substance of the broth. 
These masses are exceedingly delicate and readily break 
ofl on the slightest shaking of the flask. The Bacillus is 
easily killed by heat, chemicals and direct sunlight. 
Cowdung floors of houses do not retain it for more than 
2 days and chunam floors for not more than 1 day. 

Inoculation consists iu introducing a certain amount of 
plague vaccine in the arm of the healthy. 

Liston in his pamphlet on “ Plague Prevention” says ; — 

“ This means of acquiring temporary immunity to the dis- 
ease has generally been called in India “ Inoculation.” It has 
the advantage of being a measure of personal prophylaxis, 
which can be carried out easily and cheaply, and it matters 
little who else does or does not co-operate in the measure. 
This is a great advantage in a country like India. The 
inoculated acquire a high degree of protection and the 
mortality from the disease among them has been shown to be 
about one-sixth of that of the uninoculated under the same 
conditions. 

“ The following statistics are selected not because they 
demonstrate the best results obtained by inoculation, but 
because in each instance they have been very carefully exa- 
mined ; the records in every case having been accurately kept. 

“ A very virulent epidemic of Plague was raging in the 
village of Undhera in the Baroda State. The village was 
visited and a nominal roll of all the inhabitants then Kving 
iu each household was made, and as nearly as possible one- 
half of the members of each household were inoculated. It 
was found that there were 950 persons then alive in the vil- 
lage, and of these 513 were tlfire and then inoculated. No 
selection was made other than that required to make the 
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inoculated and uninoeulated groups' as similar as possible as 
far as age, sex and physical fitness were concerned. Plague 
contmu(!d in the village for 42 days after the inoculations 
were performed. The disease occurred in the houses occupi- 
e<l by 28 families. These families were composed of 7.1 
inoculated and 64 uninoeulated persons. The 71 inoculated 
had 8 attacks with 3 deaths, while the 64 not inoculated 
had 27 attacks with 26 deaths. We may infer that in this 
single village no less than 26 lives were saved by inoculation. 

“ In the Punjab a large number of people have been inocu- 
lated. Major Wilkinson, late Chief Plague Medical Officer, 
has given us the figures referring to villages in which more than 
10 per cent, of the inhabitants were inoculated four months 
or less before Plague occurred in them. In these villages 
there were. 1,86,797 inoculated as compared with 6,39,630 
uninoeulated persons. Among the inoculated there were 
314 deaths from Plague. Among the uninoeulated there 
were 29,723. Prom these figures it is easy to calculate 
that nearly 8,000 lives were saved in these villages by 
inoculation. 

“ Quite as good, if not better, results have been obtained 
in Bombay City. 

“ In a cliawl near Pilot Bunder inoculation was carried out 
two months before Plague broke out in it. 61 persons lived 
in this chawl, and of these 24 had been inoculated. Only 
one of the 24 was attacked by Plague and he recovered, 
while of the 37 uninoeulated, 19 were attacked by the dis- 
ease and 12 of them died. In this single building 12 lives 
were saved by inoculation. 

“ Dr. Turner and his stafi inoculated a large number of the 
Municipal servants living in certain Municipal chawls, with 
the following results 3,317 were inoculated, while only 
838 remained uninoeulated. Among the large number- of 
inoculated there were 3 deaths from Plague, while among 
the small number of iminocul^d there were 18. Sixty lives 
were saved by inoculation. 
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In Karaclii a similar saving of life was effected.' 1,246 
inoculated liad 4 deaths while 6(> uninoculated had 5. It is 
easy to calculate that 100 lives were saved by inoculation. 

“ Among the Police in Khandesh, great saving of life was 
effected by inoculation, 1,508 inoculated policemen had 
3 deaths from Plague, while of 230 uninoculated 4 died. 23 
lives were saved. 

“ Eailway Companies have had a hire experience. The 
Southern Mahratta Eailway Company had 1,260 of their 
hands inoculated in Hubli, and 760 living in the same place 
refused to be done. The former had 2 deaths among them 
while the latter had 21. Inoculation in this case saved 33 
lives. 

“ Millowners can confirm the advantages of inoculation. 
Mr. Bezpnji Dadabhoy, Manager of the Empress Mills at 
Nagpur, found that 1,116 inoculated mill-hands had 6 deaths 
from Plague among them, while 2,663 uninoculated mill- 
hands had 179 deaths from Plague. Sixty-nine lives were - 
saved by inoculation in this case. 

“So much then for the value of the protection afforded . by 
inoculation. Although inoculation cannot eradicate Plague 
from a country or district, nevertheless every case which 
is saved from the disease is so much gain ; and, moreover, 
it affords less opportunities for the spreading of infection by 
friends who would have come from other towns and villages 
to attend the funeral ceremonies. 

“ Inoculation, too, has the great advantage of mstilling 
into those who -undergo the operation that confidence which ♦ 
is so necessary to avert a panic. When the majority in a 
village are inoculated, the epidemic assumes such moderate 
proportions that it can be dealt with easily, nor is it difidoult 
to adopt measures to prevettt the spread of infection to 
adjoining areas.” 
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The Faccwe.*— Plague Vaccine is tte sterilised broth, 
culture of the Plague bacillus to which a trace of carbolic 
acid has been added. The dose for an adult is 4 c. c. 

How TO Sterilise and fill the Syringe. 

The first step in the operation of inoculation is to sterilise 
the syringe and needle. For this purpose Kapadia’s sterilis- 
ing apparatus is conveniently used. The apparatus consists 
of a pot for heating oil or vaseline. The pot is placed on a 
block tin stand, which at the same time serves to protect the 
flame of a spirit lamp placed beneath from draughts of air. 
Methylated spirit is used in the lamp. 

The oil for use in the cup may be olive, cocoanut, or any 
similar oil which has not an acid reaction, but vaseline, is very 
convenient, as it becomes solid when cold, and does not spill 
when packed for travelling. 

Fit up the sterilising apparatus and light the spirit lamp. 
See that the thermometer is in good order and adjust it pro- 
perly in the vaseline. Then take out the syringes and needles . 

1. See that the needles are sharp, clean and patent. If 
these points are attended to, work is greatly facilitated, and 
the operation is much less painful. Place the needles in the 
vaseline. 

2. See that the syringe is air-tight. This is done by 
placing a finger over the nozzle and at the same time pushing 
home the piston ; if the syringe is working properly, resistance 
will be felt to the pressure against the piston and it will slip 
back when released, provided the finger has been retained 
firmly over the nozzle. The tightness of the plunger in the 
barrel can be regulated by the screw in the hanie. 

3. When the temperature of the vaseline has reached 
90° C., fill up the syringe with the heated vaseline and empty 
it again into the pot. This is done to get rid of moisture in the 
syringe ; at temperature abov#'l00° C. any moisture is imihe- 
diately converted into steam, and this causes the vaseline to 
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crackle and splash, and may, perhaps, fracture or burst the 
glass barrel. 

4. Now wait till the temperature has reached 160'’ C. 
Then completely fill and empty the syringe twice with the 
hot vaseline. A temperature higher than 160° C. injures the 
India-rubber plunger, and a temperature lower than 160° C. 
is not so efi0.cient in effecting sterilisation, 

5. With the dissecting forceps fish out a needle, which 
has been lying in the hot vaseline, and adjust it firmly to 
the nozzle of the syringe by means of the pliers, which should, 
previous to grasping the needle, have been dipped for a 
moment in the hot vaseline. 

6. Now for the third time draw up and eject the hot 
vaseline from the syringe ; on this occasion with the needle in 
position. The syringe may now be carefully laid on one side, 
preferably supported on the lid of the syringe box and allow- 
ed to cool. The needle should not be allowed to come in 
contact with any article or surface, 

7. A bottle of anti-Plague vaccine is then taken in hand. 
The number of the brew and the number' of the bottle and 
dose to be used is noted. 

Examine the neck carefully for any cracks or flaws. By 
handling the bottle in the same way that the index of a clini- 
cal thermometer is shaken down, leakage through such 
cracks may be detected. Faulty bottles should invariably 
be rejected, and the contents thrown out. 

Thebottle should thenbe well shaken, so as to thoroughly 
mix the sediment, which will be seen at the bottom of 
the bottle, with the fluid. The sediment consists of the dead 
bacteria and is an essential -part of the vaccine. 

8. To open the bottle, hold the neck in a flame, turning 
the bottle round all the time so as to sterilise every part of 
the neck. When the glass is sufficiently heated, jerk up a 
little of the fluid, and the neck will crack. The tip may then 
be knocked off by a sharp blow from a pair of sterilised forceps. 


Sanitation in India. 


6o0 


9. iSfow ta\'e iij) the syringe, draw into it a small quantity 
of hot vaseline, and again eject it. While the needle is still 
hot, draw into the syringe two or three cubic centimetres of 
the anti-Plague vaccine. Place the bottle on its side on the 
table. Then draw out the piston of the syringe to its full 
extent, and shake up the small quantity of the vaccine within 
the barrel of the syringe. Eject the contents of the syringe. 
This is done to get rid of some of the excess of vaseline which 
adheres to tlie interior of the svringe. 

10. Again dip the needle in the hot vaseline, pass the 
point of the bottle through the flame, and then fill up the 
S 3 rringe. Get rid of excess of air by adjusting the piston. 
Xote the graduation marks on the piston-rod, and read off 
four marks counting from the nozzle-end of the syringe. Screw 
up the discs (to be found at the handle end of the shaft of 
the piston) to the point noted. The syringe is now ready 
to deliver 4 cubic ceutimetres or one dose of tbe vaccine. 

How TO Oarby out the Operation of Inoculation. 

The most convenient site for the operation is the back of 
the left upper ami about midway between shoulder and 
elbow. Tbe skin at this spot should he well scrubbed with 
5 per cent, carbolic lotion (1 in 20). The skin being tlicn 
puckered up between the thumb and fingers of the left hand, 
the needle should be pushed through the skin in a sloping 
direction more or less parallel to the surface, carefully 
avoiding the big vessels and not penetrating the muscles, 
but taking care to enter the sub-cutaneous tissue. Then 
slowly inject the dose. Withdraw the needle of the syringe 
and apply for a few seconds a pad of cotton wool dipped 
in 1 in 20 carbolic lotion. 

The next person is operated on in the same way. The 
needle of the syringe is first dipped momentarily in the hot 
vaseline, which is kept at hand at a temperature of 160° C. 
The screw on the shaft of the piston is again adjusted to four 
spaces from tbe nozzle-end of the syringe, each space being 


Quarantine. 


651 


equal to one cubic centimetre. Tbe arm of tbe patient is 
scrubbed with 1 in 20 carbolic lotion. A drop or two of tbe 
vaccine should be ejected from tbe syringe to get rid of any 
oil or vaseline within the needle. The needle is then inserted 
and the dose injected* 

Between each operation the needle of the syringe is steri- 
lised by dipping it into the hot vaseline. 

As only sterile fluid has been introduced into the syringe, 
if proper precautions have been taken to sterilise the needle 
before each operation, the interior of the syringe need not 
be sterilised between the filling from each bottle. At the close 
of the operations the syringe should be thoroughly washed out 
with 1 in 20 carbolic lotion, and the needles should be covered 
with vaseline. 

(6) Quarantine. 

The incubation period being recognised as ten days, 
ten days’ detention in camp is required before the person is 
let out. Kitasato has shown that the specific bacillus persists 
in the bodies of those who have recovered from Plague for at 
least three weeks from the cessation of the active disease 
and hence convalescents should be isolated for a month 
before they are allowed to mingle with an uninfected 
community. 

Improvement of insanitary areas, rat-proof dwellings, 
careful scavengering, free medical relief etc. are additional 
aids in the prevention of Plague. 

Very valuable suggestions as to measures to be adopted 
are elucidated in the Grovernment of India Resolution 637 
of 18th August 1920. They deserve serious attention. The 
Resolution runs as follows 

Government op India, 

Department op Education, Simla. 

18ih August 1920. 

Resolution No. 637. 

The Investigation of The epidemic of plague 

which commenced in India in 1896 has formed the subject 
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of juvestigation by expert authorities and of pronouncements 
from time to time by the Government of India. The Plague 
Commission of 1898-1901 presided over by the late Professor 
Sir T. Frazer, m.d., LL.D.,r.R.s.,was hampered in its investiga- 
tion by the fact that the etiology of the disease had not 
been fully explored. But it made valuable administrative 
suggestions including the re-organisation of the Sanitary 
Department, In 1905 the Secretary of State for India in 
collaboration with the Royal Society and the Lister Institute 
created an Advisory Committee, whose investigations pub- 
lished in the Journal of Hygiene established the cause of 
plague and its dissemination and thus indicated the measures 
which give earnest hope of its ultimate extermination. 
The causes and the measures for combating the disease, were 
described in paragraphs 20 to 24 of the Government of India 
Resolution on Indian Sanitary Policy No. 888-908 dated 
23rd May 191 L In 1918 there was published a Memorandum 
on preventive measures and in 1919 a general review of the 
progress of the epidemic by the Sanitary Commissioner 
\vith the Government of India. These are some among many 
reports which have been made on the subject in India and 
elsewhere. 

2. The need of a more active ’policy . — The etiology and 
epidemiology of the disease may now be regarded as fully 
investigated. The application of the appropriate measures 
could in the circumstances of the country, only be very 
partial and some of these measures are by their nature opposed 
to the domestic habits of the people. The Government of 
India however are not fuUy satisfied that due advantage 
(even having regard to the difficulties of the problem) has 
been taken of the knowledge which is now at the disposal of 
the authorities and of the public at large. They believe 
that the extermination of bubonic plague is a matter of 
detennined and organised efforts and that it is the clear 
duty of local Governments to put in train without further 
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delay tlie action wliicli, so far as human knowledge can fore- 
see, is bound to banish, this disease from the country, 

3. Present condition favourable for such a policy.— The 
present juncture is favourable for the initiation of a more 
extensive campaign against the disease. Owing to the 
character of the seasons to the gradual conferment of partial 
immunity from the disease upon the rat population of certain 
centres and possibly to a change in the virulence of the cau- 
sative organism, there has recently been evidence indicating 
the decline in the epidemicity of plague. In 1918-19 the mor- 
tality sank to less than ^th of the mean mortality from this 
disease during the past 20 years. In the year now current, 
though there are indications that the disease is again increasing, 
the mortality up to and including January, was far below the 
average. Plague constitutes a notable example of seasonal 
disease, its intensity being at the lowest ebb in July, gradually 
increasing till it reaches its zenith in March and rapidly de- 
clining within the next four months. It is axiomatic that 
in every epidemic disease with marked seasonal prevalence, 
the first and most obvious line of attack lies in reducing the 
number of foci of infection during the non-epidemic season. 
The opportunity thus annually ofiered for the extermination 
of bubonic plague is rendered all the more favourable now 
by the fact that the disease appears to be passing through 
a period of low epidemicity. 

4. The cause of 'plague.—The advisory committee created 
in 1905 and its workers established beyond doubt the radical 
causes of bubonic plague. These are now well known and it 
is unnecessary to allude to them here, except only in so far as 
they bear on the practical problem of extermination. The 
disease is essentially a rat disease. The rat responsible for its 
maintenance is the black domestic rat or Mus rattus. This is 
the only species of rat which lives in intimate association 
with man. The black rat does not migrate to any distance. 
When the infection is present and the rat population is suffi- 
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ciently niiniftrous to maintain an epidemiCj an epizootic (or 
precedent outbreak of disease among animals), takes place. 
If the rat population is sparse, this epidemic either cannot 
arise or is of short duration. But attempts to reduce the rat 
population are useless unless carried out continuously and on a 
large scale, since prolific breeding quickly compensates the 
resiil ts of any. save organised destruction. The epizootic among 
rats is followed, after an interval of not more than 17 days 
by the oTitbreak of human plague. The infection is transmitted 
from rat to rat and from rat to man by the rat flea. The 
pI)igu(-‘ infected flea may live apart from the rat host and remain 
infective for a period of 23 days or in low temperatures even 
longer. In a hot dry climate at a temperature of 80° F. the 
infected flea speedily dies — ^the probable cause of the cessation 
of ])lague at the onset of the hot season. But in certain 
districts of India the climatic conditions are such that given 
a sufiicjiency of black rats to maintain the infection, the 
disease may persist throughout those months which in other 
parts of the country are non-epidemic. Moreover, in any 
part of India, plague may persist amo^ng rats through the non- 
epidemic season, without revealing its presence by nnnsual 
sickness or mortality among them, 

5. The measures for dealing with plague.—The measures 
taken in India to cope with plague and its outbreak fall under 
the following heads : {i) Hospitals for the treatment of the 
sick; {ii) the evacuation of infected areas; (m) anti-plague 
Vaccination; (ir) rat destruction; {v) the erection of 
rat-proof grain stores. These measures fall into two groups, 
according as they are intended to deal wuth existing outbreaks 
among men or to go to the root causes and by attacking 
the foci of disease, to stamp out the disease itself. 

6. The erection of an Infectious Diseases Hospital outside 
the large cities has been limited in the past by various 
circumstances— inadequate funds^ ®e scattered nature of the 
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population and the strong dislike of entering a Hospital 
whicli is evinced by large number of people. 

The evacuation of infected area has in the past been 
the most popular of plague measures. To village folks accus- 
tomed to an outdoor life and with their fields around them, 
it offers little hardship and is often resorted to spontaneously 
and with good results. In cities it is more difficult; when 
enforced it has sometimes met with serious opposition and 
requires careful organisation and control. Voluntary eva- 
cuation of cities when uncontrolled has too often taken 
the form of a stampede, -which carries the disease to other 
and uninfected areas. Anti-plague Vaccination is gaming 
in popularity ; but the number of persons annually inoculated 
is small in comparison with those exposed to infection and the 
immunity conferred probably does not continue from one 
plague season to another. 

7. Need for extension and organisation of such 
measures {as enumerated above ). — These measures then, 
useful as they are, have not been carried out under 
perfect conditions, nor with that degree of organisation 
and that wide extension of application which would 
safeguard the people at large from the effects of an already 
existing epidemic. Nevertheless they have proved of benefit 
and if more fully organised are capable of still more satisfac- 
tory results. Until effective steps have been taken to 
eradicate the disease at its bases, it is necessary to 
persevere in them. The institution of infectious diseases 
hospitals, organised preparation of camps for evacu- 
ation of infected quarters, the multiplication of rural 
dispensaries and a great increase in the rural areas of the 
number of medical practitioners capable of ■ performing 
inoculation — ^these are measures which it is incumbent on 
provincial and local authorities to continue so long as India 
is exposed to the epidemic and until the disease can be 
finally extirpated. Above all, propaganda work is essential 
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in order that knowledge may be disseminated regarding 
the nature of disease and the value of proper treatment 
of evacuation of infected places and of inoculation. 

8. Memuresfor dealing with the hlach rat— The measures 
beneficial as they are and more beneficial as they may become 
if more fully organised and extended, form only palliatives 
and, even if carried to their highest perfection, are incapable 
of striking at the root of the trouble. They constitute 
a useful line of defence against an attack already in progress. 
But reliance upon merely defensive tactices is futile in the 
contest against a disease, whose causes and the sources of 
whose supply will remain unimpaired by the prosecution 
of these measures. The treatment hitherto adopted is the 
minimizing of human plague. The true enemies are the 
rat and the rat flea. The black rat is the primal cause 
and the host which carries the seeds of infection, It is only 
through oflensive measures against the rat that a successful 
issue can be expected. 

9. Value of improved housing and sanitation , — Such 
an attack does not necessarily or even most desirably proceed 
solely by way of rat destruction. The separation of man 
from rat is equally effective and in some centres may prove 
more suitable. This is evidenced by the history of plague in 
Europe. As late as the 17th century the houses of European 
cities were habitually overcrowded, small and dark. The 
towns were largely inhabited by farmer population. Cattle- 
were kept in the town dwellings. Grain was stored in the- 
houses. The black rat who is a dainty feeder, consequently 
found ample food in and about human dwellings and took 
up his abode in close domestic association with man. Tho 
result was the creation of foci of infection and violent epidepiics- 
of plape. Improvements in housing conditions, measures, 
of sanitation and the storage of grain in appointed places, 
rendered the haunts of men a less comfortable house for the-, 
black rat. The close domestic association of this animal 
with man was thus broken and as an inevitable result, bubonio 
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plague disappeared from Europe. Upto tlie middle of tiie 
•eighteentli century ttie predominating rat species in Europe 
was tlie black rat {Mus rattus) ; now tke commonest is the 
brown rat {Mus norvegiciis) wHch is never found in suck 
close association with man. Witk tke departure of tke black 
rat from tke kouses of men and tke consequent diminution 
•of tke species, tke epidemic naturally died. 

Tkus good kousing and sanitation are tke surest means of 
extirpating plague. In recent years town improvement 
sckemes have been initiated in India and experts kave drawn 
up plans and specifications of kouses wkick can be built at 
reasonable cost and will afford no comfortable kabitation 
for tke rat. Suck measures kowever involve long periods 
of time for tkeir completion and are dependent upon tke 
provision of funds and tke extent to wkick tke population 
at large are prepared to accept them. 

10. Other measures . — ^Pending suck general improve- 
ments, tke next best solution of tke problem consists in tke 
protection of grain from tke rat by means of better storage. 
Tkis is a measure of tke kighest importance and, tke Govern- 
ment of India believe, is not impracticable. 

Paragraph 15 of tkis Resolution deals witk it in greater 
■detail. But the provision of improved grain stores also will 
be a lengthy process ; and meantime tke destruction of tke 
rat presents a means of protection deserving of consideration. 

11. Bat destruction . — ^Experiments kave already been 
made witk rat destruction in tke Punjab and at Satara. 
Tke Indian Research Fund Association has turned its attention 
to tke problem and Major F. G. Kunkardt and Dr. G. D. 
Ckitre were employed to make a series of experiments. Tke 
practical lessons gathered from tkeir labours kave been 
published in useful form. 

Tke difficulties attending rat destruction are as follows : — • 

{%) In order to be effective, tke operations must be 
organised and on a large scale. Ill-organised or 
inadequate attempts are worse than useless. 
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(ii) The best means of destructionhaveyettobedevised. 

(in) Unless the process is continued from year to year 
it is useless, 

(iij Amongst some communities, the destruction of rats 
is regarded with aversion. 

These difficulties are serious and the cost entailed in 
organised measures is considerable. But rat destruction as. 
shown in tlie succeeding paragraph cannot be overlooked 
since it forms a valuable factor in the campaign against disease- 
and in the efforts after national well-being. So fully is this 
realised in the United Kingdom that recent legislation has 
made it iiiciimbent upon the owners and occupiers of land 
in the British Isles at risk of substantial penalties, to- 
take all necessary and reasonably practicable steps for rhe 
destruction of rats and mice and against infestation of the land 
by these animals. Full time experienced executive officers have 
been appointed to this end by many local bodies and by 
some industrial concerns. 

12, Economic and sanitary value of rat destruction . — 
On economic grounds or considerations alone, the universal 
adoption of measures for rat destruction is desirable. It is 
hazardous to make any computation of the damage caused 
by rats in India. But it is probably that in British India, 
alone, the number of black rats (exclusive of other species) 
is about 375 millions ; the cpiantity of grain devoured by them 
during the course of a year would amount to about one million 
tons. On this computation and placing the cost of a ton of 
grain on the average at Rs. 160 the annual loss caused by the- 
black rat in British India would be 16 crores of rupees or at a 
2 shilling rate of exchange, 16 million sterling. That this is a 
conservative figure is shown by the estimate, based on far more 
reliable data where a rat population of only 40 millions is 
computed to cause material damage of 15 millions sterling 
(pre-war) annually. The Indian calculation deals only with 
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the loss represented by the food of the black rat, not with 
loss from the wastage and other forms of destruction (to 
houses, etc.) for which it is responsible, nor with the additional 
damage perpetrated by the field rat. But the economic 
asi)ect of rat destruction is entirely overshadowed in India 
by the Health Aspect. The diseases especially plague which the 
rat brings in its train, occasion a loss of efficiency and a wast- 
age of adult life whichnotonly seriously hampers development 
but causes an immeasurable amount of pain and preventable 
affliction. During the last 20 years plague has been responsible 
for an average of half a million deaths each year. The black 
rat is the originator and source of this disease. Even in 
countries not liable to plague epidemics, it has been recognised 
as the most expensive of domestic animals. Where plague 
exists such an expression falls short of an adequate description 
of the loss which it indicts. Its extermination will assuredly 
be followed by a complete cessation of bubonic plague ; a 
substantial diminution in its numbers by a lessening in the 
extent and virulence of epidemics. 

13. Principles which should govern Pat Destruction . — 
Government of India therefore maintain that, save in loca- 
lities where it is strongly opposed by popular sentiment, 
rat destruction forms, under present conditions, a necessary 
factor towards elimination of plague. It is not necessary 
to institute (at least for health purposes) a universal campaign 
against the black rat. Apart from the portions of India 
where the rat or flea population is insufficiently large to 
create or maintain an epizootic, there are large areas where 
the extermination of the rat, though advantageous from 
the economic point of view, would be needless and ineflective 
for the stamping out of plague. Rat destruction can be 
usefully carried out on the following principles 

[i) Continuous measures are necessary in the grain 
centres to which grain is imported from a distance. 
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[ii) In years where there is a likelihood of the import- 
ation of infection, measures are necessary in subsi- 
diary grain centres and market towns. 

[Hi) In villages and towns (especially those which are 
market centres) where infection persists during 
the non-epidemic season, measures are necessary 
during that season and also during the subsequent 
plague season. 

In all the cases the measures taken must be -well organised 
in order to be effective. Special and experienced staff is 
necessary. In the larger grain centres where continuous 
destruction is desirable, the number of rats annually destroyed 
should be sufficient to keep down the rat population below the 
danger zone or level, i.e., below the point at which an 
epizootic is proliable. Experience appears to show that if the 
number of rats annually destroyed equals or exceeds the human 
population of the locality, the likelihood of plague becoming 
established i.s greatly diminished. 

14. Isolation of the Bat . — ^The second method which 
it is desirable under present conditions to prosecute is the 
isolation of the black rat from men, i.e., its elimination 
from human dwellings. In his admirable report on plague 
Major Norman WThite, lately Sanitary Commissioner with the 
Government of India, specified two main lines of action — the 
improvement of markets and of grain stores of towns and 
the control of movements of grain and like merchandise from 
and through plague-infected centres. 

15. Imjymvement of Grain Stores.~TkQ improvement 
of grain stores is manifestly free from some of the difficulties 
which rat destruction involves. Eeligious scruples are not 
touched, though some opposition is inevitable to any action 
which disturbs domestic habits ; the better storage of grain 
is so obviously indicated both from the sanitary and economic 
points of view that hostility would soon be converted into 
appreciation. If the natural food of the rat is not to be found 
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in fclie homes of men, it will desert those homes. Similarly 
if grain stores are maintained in a city, but are so organised 
as to be unapproachable by or useless to the rat, its number 
will diminish and the probability of an epizootic will be 
decreased. 

The methods which can be adopted are therefore twofold : 

[i) Markets and grain stores can be removed from 
inhabited areas. The result will be that the rat can no 
longer live in contiguity with man, and if the stores are so 
constructed as to be rat-free, the number of rats' will be so 
much diminished as to make an epizootic among them 
unlikely. 

{ii) Rat-proof or rat-free stores may be constructed 
in a city. The rat-proof godown is one which -a rat is 
unable to enter. It presents difficulties in construction and 
involves considerable expense. The rat-free godown is 
one which the rat can enter, but where it cannot remain. 
It is easily built. Major N. White has made a design 
which can be carried out at a reasonable cost (lO'XlO' is 
estimated to cost Rs. G40). Apart from some details of con- 
struction the essentials are the exclusion from its proximity 
of any rooms occupied by man. In addition to Major White’s 
plan a standard plan has been published by the Madras 
Sanitary Board. Godowns on the former plans are being 
constructed at Lucknow and at Nasik. Railway Companies 
have been requested to take steps against rat infestation of 
goods-sheds and the access of rats to wagons. 

The taslc of improving grain storage at the large dis- 
tributing centres alone is one of magnitude and of time. 
But no measure is of greater importance for the extirpation 
of bubonic plague and other diseases quite apart from 
economic reasons. 

16. Control of Grain Movement . — -The control of grain 
movement would, if possible or feasible, be of great value. 
For the black rat does not migrate from place to place, and 
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plague can be disseminated over tlie country only by the 
conveyance of an infected rat or flea in merchandise or clothing. 
The rat population is densest at grain centres; and it is just 
to such centres that the infection is most likely to be 
carried. But economic considerations weigh heavily against 
the a, rl option of such control. A possible alternative is the 
erection at the larger distributing centres of plant for the 
disiidection of grain by Hydrocyanic Acid. 

17. Sunmary of Measures— The cause of plague and 
the uu-thods which may be adopted for its elimination have 
now Imt'u surveyed. Investigations have shown that an 
tpiilemit* of yhtguc is invariably preceded by an epizootic 
among Ijlack rats. The black rat is not migratory, save 
when living in jnoximity to man ; he is therefore harmless 
as an inlective agent. A reduced rat population, even if it 
remains in pro.vimity to man, is incapable of maintaining 
a serious ejjizootic. While therefore the palliatives hitherto 
adopUid >,’/;r.— hospital treatment, evacuation of stricken areas 
and anti-plague vaccination — must be sedulously maintained 
and the facilities for them increased, it has to be recognised 
that these are mere palliatives, that the initial responsibility 
for the outbreak and spread of bubonic jdague rests on the 
black rat, and that the destruction or segregation of this 
animal is the obvious and only method which will exterminate 
plague. Since any measures which involve construction of 
buildings and considerable initial outlay must necessarily 
take time it is necessary in the meantime to depend upon 
rat-destruction carried out continuously in large grain 
distributing centres and as required in villages and towns. 
But the erection of rat-proof or rat-free grain stores resulting 
in the diminution of the rat population is a method just as 
effective and free from the objections which might possibly 
be held to attach to rat destruction. The Government of 
India trust that the Local Governments while neglecting 
no otlifir method which may in the meantime assist in decreas- 
ing or eliminating this disease will turn their special attention 
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to the piosecRtion of this reform — a reform which, if carried 
out, would exercise a profoundly beneficial effect upon 
the health and economic well-being of the people at large. 
Finally the ultimate goal of better housing and improved 
.sanitary conditions will, the Government of India are assured, 
be kept steadily in mind. 

18. Conclusion . — The Government of India feel that 
the present is a favourable time for taking more active steps 
than hitherto for the extirpation of a scourge which 
has infested India for nearly a quarter of a century and 
has cost her millions of valuable lives. They look for 
their medical experts, who have already added so greatly to 
the sum of knowledge and to the diminution of human 
suffering and to the Indian Eesearch Fund Association under 
whose auspices valuable investigations have already been 
made, to carry out such further detailed researches as the 
Local Authorities in Administrative Control may find neces- 
sary for the practical application of the scientific 
knowledge already obtained. But it is for the Local 
Governments to initiate a progressive policy and 
attack the disease at its source rather than wait 
for renewals of its onset. Public health will in future be a 
transferred subject and the Government of India consider 
that no more beneficial channels of activity can be found by 
future Ministers of Health than the extirpation of epidemic 
diseases which at present threaten the Indian population. 

Cholera. 

Cholera is an acute infectious disease characterised by 
profuse purging and vomiting of a colourless serous material, 
muscular cramps, suppression of urine and collapse, and a 
high mortality, a special bacterium— Koch’s Comma vibrio— 
being present in the intestines and discharges from the bowels. 
Cholera is mainly a water-borne disease, due to water 
having become infected with the Cholera organism from some 
person suffering from the disease. But other factors 
including the personal and direct infection cannot be ignored. 
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Cholera in Bombay, Calcutta and British India 


COMPARED. 


In tlie following .statomeiit is compared tlie mortality 
from Cliolera during 1001-1933 in the cities of Bombay and 
Calcutta and in Britivsh India ; the death-rates per 1,000 of 
population are inserted 
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Etiology of Cholera. 

Cholera is now accepted as being due to a living organism 
—Koch’s Cholera bacillus which, growing in the intestines 
of the patient, causes death partly by the effect of the toxins 
produced by it and partly by the profuse purging which it 
sets up. Further etiology of the disease resolves itself 
into two factors ; first, the means by which the microbe 
gains access to the body ; second, the conditions which render 
the body susceptible to the microbe. Of the first of these, 
we know much, of the second, little. 

Mode of Access . — It is certain that Cholera is not conta- 
gious in the ordinary sense of the word as Small-pox, Scarlet 
Fever or Measles. Nurses and those who attend to the sick 
are often affected in larger porportion than others ; but this 
is readily explained by the fact that, unless constant care is 
exercised in regard to cleanliness of hands and utensils, they 
are much more exposed than are others to the known and 
recognised mode of infection, which is by the mouth. All 
evidence goes to show that the infection of Cholera to take 
effect must be swallowed. 

As in all zymotic diseases, the tmteries morbi greatly 
increases within the body of the patient diiriug the progress 
of the malady. During the disease a minute amount of 
infectious material grows into an amount capable of giving 
the infection to thousands and, in the case of Cholera, this 
infectious material finds its exit from the patient’s body iu 
the discharges caused by the disease. 

The study of the etiology of Cholera, then, is to a large 
extent a study of the steps by which matter, that has left 
one patient, so gains access to some article of food or diink 
as to be swallowed by some one else. 

It is conceivable that, in the presence of a great 
abundance of the infection, it might be inhaled in the form of 
dust ; of this, however, there is no evidence. 
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It is with food and drink that it commonly gains access 
to the human body. Well authenticated instances are 
related in which flies have appeared to carry the infection 
from Cholera dejecta to milk and various articles of diet ; 
and Hiiflkine detected Cholera bacilli in specimens of sterilised 
milk, exposed in new vessels, to which flies were permitted 
free access during an epidemic of Cholera, The use of Cholera- 
infected water for washing cooking utensils and articles used 
in the preparation of food is another mode of local distribu- 
tion. In the cases of nurses and those who attend to the sick, 
or have charge of the dead, the Cholera poison may as 
a result of want of strict cleanliness, be transferred to 
the mouth by tbe fingers, either directly or by means 
of food or drink. 

It has been universally accepted that the great, the per- 
sistent and the almost universal mode by which the Cholera 
germ gains access to the body is tlirougli the drinking water. 
This is now so well recognised that it is unnecessary to go 
again over the evidence by wdiich this has been proved to 
demonstration. It is unnecessary here to refer to the classical 
examples of this mode of Cholera distribution. 

This, however, is not the only mode by w^hich the disease 
is spread in the larger cities of India. When a wholesome 
su{)ply of drinking water is provided, the ignorance and 
carelessness of the people in preventing the pollution of the 
domestic supply, the storing of water in dirty vessels and the 
constant use of well and tank water to which infection may 
be conveyed must be an important factor. 

The habits of the people, the customs with regard to the 
dead, the modes of preparing, storing and consumption of 
food, the insanitary condition of their houses, the proximity 
of privies and bathing places to living rooms, and the oppor- 
tunity given to food and milk to become infected by personal 
contact and flies during an epidemic must provide an 
enormous source of danger. 
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TKere is a good deal of evidence to show that water does 
not act as a mere diluent and distributor of the Cholera 
poison, but that, under certain conditions, the Cholera bacilli 
grow and for a short tune increase in virulence during their 
sojourn in this medium. The persistence of Cholera in a 
district is indicative of more than a single pollution of the 
water-supply and generally pomts to a persistence of some 
insanitary conditions which favour repeated infection. 

It is not always the case, however, that the infection is 
■conveyed directly from man to man by means of water. 
Where we find sudden outbursts of the disease affecting large 
numbers of people drawing their water-supply from a common 
source, some direct and wholesale fouling of the supply is 
generally the cause of the mischief. But much more com- 
monly, especially near its endemic home in India, Cholera 
■does not occur in great outbursts ; small local epidemics 
arise, die down and then recur. The Cholera bacillus existing, 
as we must presume, in the foul soil is now and again washed 
into the wells, and so sets up disease in those that draw their 
water from them. The key, then, to this side of the etiology 
of Cholera is to be found in the habits of the people and the 
degree of care or want of care they exercise in the protection 
of their water supply. 

Individual susce'ptihility.—Th.Q etiology of Cholera is not, 
however, completely explained by the statement that it 
■depends on the ingestion of Cholera-infected water ; another 
condition is also necessary, namel})^, the susceptibility of the 
individual. Considerable differences exist in the habits of 
the various members of every community : thus, it often 
happens that even where the habits of the majority are foul, 
a few are protected from receiving the infection by the greater 
cleanliness and propriety of their lives. Yet many fail to 
sicken, although they are known to have swallowed the very 
infective matter which at the same time is producing Cholera 
in others. We have proof of this in every widespread water 
epidemic ; the number of those who swallow the poison must 
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in these eases vastly exceed tlie number of those who are 
attacked by the disease. Macnamara gives an instance in 
which a vesstd of drinking water was accidentally polluted 
with fresh Choh'ra excreta, and after being exposed to the 
.sun all day, the water was partaken of by nineteen persons ; 
of the.se, live only sub.sequently suffered from Cholera. It 
seems clear that the inhabitants of the areas in which Cholera 
is freijuently present, notwitli.standing habits which expose 
them continually to chances of infection, are much less 
freqmmtiy attacked than new arrivals in the districts, much 
Ies.s, for instance, than Europeans although, when attacked, 
they siiccuml) more readily. 

Dmemlmdion bij human infercour.-ie.— There can no longer 
be any douht that Cholera is divssemiiiatecl by human inter- 
course. The marcli of Cliolera coincides with the march of 
man, and it is carried from place to place either by infected 
man or by Cholera-tainted clothing. The part played by 
pilgrimages, e.fj., the ])ilgrimage to Mecca, is well known, 
and st‘vere outbreaks and wide dis])ersion have often followed 
on sueli movements of large bodies of men. There seems 
to he some limit to tlie distance to which it would be possible 
to tran.smit the infection in a bundle of imperfectly dried 
rags soiled by Cholera excreta ; man can carry the disease 
so far as he is able to travel between receiving the infection 
and being laid low. What we find, then, on comparing 
the march of the earlier epidemics of Cholera with those 
that have occurred in more recent years, is that whereas 
when travel was slow the disease swept steadily forwards, 
occupying the land as it advanced, in later times it has bound- 
ed forward with long .strides, occupying outposts far ahead 
of infected areas, by means of railway and steamboat 
communications and then, from these outlying foci of 
infection, has spread in both directions coalescing perhaps 
at a much later date with the main body of the 
epidemic which has slowly advanced across the country 
from earlier centres. 
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Certain as it is, liowever, that man is the porter by wliom 
Cholera is introduced to any place, it must not be forgotten 
that its development in that place depends on insanitary 
circumstances, the chief condition necessary being the liabi- 
lity of the drinking water to be contaminated by infected 
excreta. There are probably other but more obscure con- 
ditions still unknown to us. 

Even amidst the conditions of soil and climate most 
favourable or most inunical to Cholera, its prevalence largely 
depends upon the habits of the people : however largely present 
its contagium may be, it is harmless unless swallowed. Thus, 
among all the influences making for Cholera, the most im- 
portant are those habits of carelessness as to the cleanliness 
of food and drink, which make it easy for either the one or 
the other to be tainted with faecal material. 

To summarise, an outbreak of cholera depends on : — 

(а) the strength and quantity of the dose of the virus 
received, 

(б) the condition of the infected material which gains 
access to the Intestines, 

(c) the physical condition of the patient and his power 
of resistance. 

(d) certain climatic conditions, 

(e) sanitary surroundings of the people ; water, food, 
drainage and refuse disposal and the habits of the 
people. 

Pbesonal Element in the Speead op Choleea. 

It is impossible to analyse the evidence collected during 
the outbreak in Bombay without coming to the conclusion 
that the personal element has a great deal to do with the 
spread of Cholera , in India. Without labouring too much 
on the habits and customs of the people, there is no doubt 
that the spread of Cholera is greatly due to direct infection 
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from person to person by means of tbe discharges, conta- 
minated hands, food, vessels, milk and water, and flies. 

The filthy privy baskets, overflowing into open drains 
and thus soaking into sub-soil or storm-water drains, the 
position of the water and sewer pipes and the common wash- 
ing places are a constant danger at any time, but in the 
presence of Cholera must contribute to a large extent to the 
circumstances favouring the spread of the disease. 

For example, on visiting a person sufi’ering from the 
disease, ho or she will be surrounded with relatives and friends 
handling the patient. Many will be found occupying the 
same room, sleei)ing on the floor; they all use the same privy 
and washing i)Iace, nse the same vessels ; the water is stored 
in wooden, iron, earthenware or other vessels, in the living 
room, cook-room or naJinni, for days together. The friends 
and relatives will wash the dead body and take it to the 
burial ground or binning ghat and afterwards wash in the 
nearest tank or bathing place, without any precautions 
as regards disinfection. 

Bacteriology of Cholera. 

The bacteriology of Cholera has provided the subject for 
an enormous amount of work. Koch, who discovered the 
Comma bacillus, visited India in 1883 and was followed by 
Klein and Gibbes in 1885 and later by Haffkine. 

It is unnecessary to repeat the investigations of eminent 
observers and the enormous amomit of work done in the 
bacteriology of Cholera which have brought us to our present 
knowledge. It is accepted that the vibrio called the Comma 
vibrio of Koch is associated with Cholera ; that the organism 
exists in the stools of Cholera patients, that it can be isolated 
and can exist in water ; that the stools of Cholera patients, 
either directly from the body or from the clothes and 
discharges, can infect water, food and miUr and thereby 
convey the disease. 
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Wlieii the vibrio leaves the infected person it loses its 
virulence in direct ratio to the time and conditions to which 
it is subjected. 

During an epidemic of cholera in a locality and in 
endemic areas, certain organisms can be isolated from the 
water supply which though, resembling the cholera vibrio in 
morphological and cultural characters differ from it as they 
are not agglutinated by the anti-cholera serum. These have 
been called “ cholera-like vibrios ” to distinguish them from 
the true cholera vibrio. Latest researches show that aggluti- 
nation by the anti-serum is not an essential characteristic of 
even the true cholera vibrio which shows wide variations in 
this respect and on this and other evidence, is based 
the view that “ cholera-like vibrios ” may be the mutation 
forms of true cholera vibrio, so transformed by the environ- 
ment through which they have passed or in which they are 
sojourning. Given suitable circumstances “ cholera-like 
vibrios ” may be potentially as dangerous as the true cholera 
vibrio. (Tomb & Maitra, Brahmachari, Indian Medical 
Gazette, 1927.) 

The following routine method has been used in the 
examination of the samples for cholera in the Bombay 
Municipal Laboratory : — 

For samples of water — 

I. — 90 c.c. of the water are transferred to a narrow mouthed sterile 
flask containing 10 c.c of concentrated peptone solution. 
This is iJlaced in the incubator at 37° C. for 24 hours. 

II. — Smears are then made and examined microscoincally after 
staining with 1-10 Carbolfuchsin. If the smears show any 
Cholera-like organisms, then one of the following methods is- 
followed in isolating the pure culture of Cholera vibrio. 

III.— Method A.— 

(а) One loopful is removed from flask (1) containing 24 hours 

culture on peptone and put in a broth tube This is 
labelled (2). 

(б) A sub-culture is immediately made on slant agar (2a). 

(c) further dilution is now made by taking a loopful from (2) 

and putting it in a broth tube labelled (3). 
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(d) An immediate sub-culture is made from (3) into slant agar 

(3a). The tubes are then incubated at 37° C. for 24 hours. 

(e) At the end of 24 hours, several suspicious-looking colonies 

are selected from (2a) and (3a) and examined in the 
usual waj' microscopically. 

(/) .Such isolated colonics arc again sub-cultured on agar for 
24 hours, after which they are subjected to other tests 
for Cholera vibrio {q. v.), 

Medliutl Ji. for isolation of Cholera vibrio . — 

i.n, tliis method 48 hours’ old peptone cultures are plated on 
])ctri dishes and incubated at 37° C. for 24 hours. Several colonies 
are jiicked up from tlusse and examined in the usual way. 

pure sub-cnltares obtamed by method A are then examined 
as follov'S : — 

(1) Morphology. 

(2) Motility. 

(3) Cholera red reaction: — 

(«) Nitrfiso-indol reaction with sulphuric acid (this is 
tried in 24 and 48 hours). 

(b) Ehrlich’s Rosindol reaction with Para-di-methyl — 
amido-benzuldehyde. This is also tried in 24 and 
48 hours. 

y.—Siaimnij for flagella -. — 

Stephen’s stain is used on a fresh sub-culture (under 24 hours) 
VI. — Agglutination test -. — 

This is tried with serum usually obtained from the Plaffkine 
Institute, Parel. 
kicmples of faxes -. — 

These are either passed tlurough peptone water and isolated 
on slant agar or diluted through broth and immediately 
inoculated on slant agar. The rest of the method is the 
same as in the case of water. 

The method of examining saraides other than those of waters or of fceces 
does not differ materially from method No. 1 (g. ?».), excepting that a f mailer . 
amount of pejitone water is used up. 

Cholera Carriers. 

The following is an extract from a report prepared hy Dr, 
Crendiropoalo, Director of the Bacteriological Laboratory of 
Chatby, Alexandria, published by the Conseil Sanitaire 
iiJaritinie and Quarantenaire of Egypt, upon an examination 
of the stools of travellers coming from countries infected 
with Cholera. The investigation was started owing to the 
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following incident On August IGtli, 1911, a Belgian steamer 
arrived at Alexandria from Smyrna, where Cholera was 
present. On the fifth day of the period of quarantine, a 
little girl, five years of age, died with symptoms suggestive 
of Cholera. At the necrospy the characteristic lesions of 
this disease were not found, but bacteriological examination 
revealed the presence of abundant vibrios, and cultures made 
from them were powerfully agglutinated by Choleiu serum. 
Examination of the stools of all the other persons on board 
the steamer showed that one woman, a servant in the 
family to which the dead child belonged, was a carrier of an 
agglutinating vibrio. Other incidents of similar nature occur- 
ring within a few days showed the danger these carriers 
represented for Egypt, and the Conseil Quarantenaire, on the 
proposition of Dr. Armand Kufier, authorized the quarantine 
authorities to carry out bacteriological examinations as part 
of their visit in all cases where they considered it necessary. 
In consequence, between the dates of August 17th, 1911, and 
January 31st, 1912, the passengers and crews of 297 vessels 
were submitted to an examination of the stools as part of 
the routine examination for quarantine. The total number 
of stools examined was 34,461 and of these 14,553 were 
obtained from the crews and 19,908 from passengers, mostly 
from those of the poor class, although in some ipstances every 
person on the boat was examined. Vibrios were found in 63 
cases, and of these 23 possessed agglutinating properties with 
Cholera serum, while 40 did not. Of the 23 agglutinating 
vibrios, only 2 came from members of the crews, while of the 
40 non-agglutinating, 12 were found in members of the crews. 
The percentage of agglutinating vibrios was, therefore, about 
0-07, but it was found that in the 44 days from August 17th 
to September 30th, during which the epidemic was at its 
height, there were ten times more carriers than during the 
remainder of the period. In general, Dr. Crendiropoulo 
finds that agglutinating vibrios are only found in travellers 
from infected countries and only when an epidemic is at 
43 
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its height. During the decline of an epidemic, carriers become 
extrr-niely rani. It is interesting to note that the greater 
numi)»‘r of enrritirs were found in passengers and that the 
crews were but rarely affected. All the carriers were kept 
in r(nar:udine until the disaj)pearance of their vibrios which 
took jjlace in most (;a.ses within five ilays, though in one case 
they piirsisted for (dght days. Dr. Crendiropoulo is careful 
to poiiit out, how(‘ver, that the limit of five to eight days 
uiust not be takeii as the ordinary time of persistence of the 
vibrios, sinccj they had jjrubably been present for some time 
before tliey were discovered. In regard to the non-agglu- 
tinating vibrios, tluur freepieiioy is found to be in inverse 
proportifui to that of the agglutinating. They become 
more alamdant as the carriers of true Cholera vibrios become 
fewer, but b<»th of them cease altogether when the epidemic 
comeN to an end. Dr. Crendiropoulo gives an interesting 
and e.vhuustivi! uecount of the hacteriological characters 
of the vibrios obtained, including their virulence for the 
pigeon, lupiefaction of gelatin, coagulation of milk, the 
production of lucmolysis and tlie iudol reaction ; and he 
concludes that none of them can be relied upon as a criterion 
for the diugno.sis of the Cholera vibrios. Even the fixation 
of complement and the agglutination reactions are not free 
from doubt. As a result of Ids observations, he suggests 
that iiXi'ry carrier of vibrios, whether agglutinating or not 
who comes from a place where the disease is epidemic, should 
be lield as a suspect. The position as regards carriers may be 
summarised thus. It is generally persons, who have had 
an attack that become carriers. They do not remain so for 
more than 10 days in the vast inajorit}^ of cases. Exceptionally 
periods iipto two months have been recorded. The gall- 
bladder is supposed to afford lodgement to the bacilli which 
continue to be excreted therefrom at intervals. 

For precautions to be taken to avoid Cholera during a 
fair, see “ Sanitation of Fairs, etc., p 687. 
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Investigation into possible Causes of an Outbreak. 

Oil tlie appearance of Cholera in any part of a city, the 
methods adopted for the investigation of its causes are as 
follows : — 

The name, age, sex, occupation, place of work and length 
of residence at present address are inquired into ; and the 
information sent daily to the Head Office by the Health 
Officers of districts. 

The food-supply, milk-supply and water-supply and the 
possibility of mfection from a former case either in the city 
or outside form the subject of inquiry. 

If a case existed in the premises the water is examined, 
and if a well or tank exists, it is treated wdth permanganate of 
potash as a precaution. Each case is followed up, and the 
connection with a previous case ascertained, if possible, and all 
precautions are taken to prevent the spread of tbe disease. 

Spot maps should be made showing each attack and 
death. 

Control of Cholera. 

The measures f 07' the p'evention of the spread of the disease 
are : — ^to notify the disease early, isolate the patient, disinfect 
or burn the stools and infected clothing, disinfect all utensils, 
boil milk and water, provide a pure supply of water and milk 
and food ; to protect the food from flies, disinfect houses and 
latrines, trace the cause of the disease, isolate convalescent 
cases, protect the water and milk supplies, immediately 
remove all refuse and issue printed instructions. 

Fresh chlorinated lime powder in the proportion of tw^o 
tablespoonsful to a pint of Cholera discharge is effective 
in 25 minutes. Strong izal 5 per cent, and carbolic acid 
1-10 can be used for completely covering the discharges. 
For lime-vrashing rooms, ^ lb. of chlorinated lime (bleaching 
powder) should be added to 7 gallons of lime-wash. 
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Cleanliness in the house and the removal of refuse and 
filth from the vicinity will help to keep away flies, and thus 
lessen the risk of the introduction of infection through their 
agency. W'ater should be boiled before use. Only freshly 
cooked food should be eaten. This measure will lessen 
the risk of infection from flies, which readily settle on food 
left exposed. 

Sweetmeats or other food exposed in shops, swarming 
with flies, should not be eaten. 

Raw’ vegetables, or unripe or over-ripe fruits, should be 
avoided as they are apt to cause Diarrhoea, and Diarrhoea 
predisposes to Cholera, by lowering the vitality. 

Any symptoms of Diarrhoea should receive pjrompt 
treatment. 

The above are measures which can be adopted in every 
household. In addition, there is an important preventive 
measure aflectiiig a whole community in the disinfection 
of all sources of water by permanganate of potassium. This 
is a crystalline powder which, dissolved in water, colours 
it pink, the colour lasting for several hours. It is quite 
harmless to those using the water, but by destroying germs 
it prevents the spread of Cholera. The permanganate should 
be used according to the directions given. Bearing in 
mind the danger of contaminated water, and the risk of 
infection being carried by flies, special efforts should be made 
to keep the locality clean ; people should be urged to go 
for natural purposes, away from tanks or streams. Warning 
should also be issued against washing soiled clothes near 
wells, or in tanks or streams from which household water 
is drawn. 

The milk supply may be from the buffalo or cow direct, 
brought to the house door or kept in the compound. If the 
milking process is supervised by a reliable servant, the milk 
may be as pure as the animals can give it, but the gowli or 
milkman, his vessels, his family and domestic surroundings 
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require the strictest attention, if pure milk is expected. 
The milk may be from a dairy, or collection of milch cattle 
and the conditions under which they are kept and milked 
require all the supervision the authorities can provide. The 
milk may be from a small shop to which it has been brought 
and its composition and quality are likely to suffer during 
transit, or before distribution ; this can be ascertained only 
by analysis; the water with which it is adulterated may be 
contaminated ; the milk may come from a so-called up-to- 
date dairy in a large city, sent out iu sealed cans or bottles ; a 
periodic examination of even this supply and the dairy itself 
is necessary. The milk may come from a distance, by train 
or carried on the head of a cooly in open brass vessels, or by 
bullock cart, and may have to pass through many 
vicissitudes before arriving at its destination. All this points 
to a pollution of the milk before being consumed, and boilitig 
is always advisable. 

Anti-cholera inoculation.~T\DS is a very valuable 
preventive measure and is specially indicated where continued 
supervision and enforcement of the ordinary anti-cholera 
measures is impracticable. The vaccine prepared in the 
usual way, is given subcutaneously in two doses of ^ c.c. and 
1 c.c. each at an interval of one week. 1 c.c. represents 8,000 
million bacteria. In emergencies a single 1 c.c. dose may be 
given. The immunity lasts about six months, i.e., long 
enough to tide the individual over the dangerous period. No 
serious inconvenience follows the injection. Recent experi- 
ences have emphasised the very high value of inoculation as a 
preventive measure. 

Bilimccine — Attempts have been made to supplant 
inoculation by vaccine in tablet form to be taken by mouth. 
This is an improvement over the method of inoculation 
and as it has been highly spoken of, it may be tried when 
inoculation is not possible. Bilivaccine treatment confers 
immunity against cholera, which is said to last for about a 
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year. T1u‘. treatnicut. consists of one pill of bile to be taken 
nn an emitv siovoaeb, follow'd (quarter of an liour later by 
one tablet of vaeeiiun Tlie vaccine tablet consists of 50 
inenis. killed or dessicated vilirios, representing from 60 to 
70 billions of microbes. Tlie treatment has to be continued 
for 8 days sucoissively. The merit of the treatment lies 
in its simplicity but the tablets are expensive. 

These ultra-microscopic organisms have 
lately been studied in connection with Cholera and Dysentery. 
In nature they are found in the. intestinal tract and at times 
in water supplies. They also develop in cultures from 
diseu.sed tissiK's and occasionally also in pure laboratory 
culture.s. Idiey are isolated by filtering a bouillon culture 
anil jilantirig a bit of the filtrate on an ordinary culture. If 
tin* liacteriophage (or as it is more conveniently called the 
pJiijge) is |)rcsent, the culture develops clear areas indicating 
the Iv'tic action of the phage on the bacterium concerned. 
Those clear areas contain the phage which can now be more 
easily planted from one culture to another. Repeated 
culture increases their virility till a maximiini is reached and 
this is maintained for a considerable period. At times the 
phage dies out; this happens especially if the bacteria are 
present in overwhelming numbers. Sometimes resistent 
strains of bacteria persist and grow in spite of the phage being 
present. 

The phage develops only in the presence of living and 
multiplying bacteria and never in media (natural or artificial) 
free from the germs. It also does not act or multiply in 
saline solution, but does so if broth is added. Traces of 
Calcium are necessary for its growth and action. It is very 
resi, stent. A lysed germ culture may contain the phage for 
years. It resists drying for several months and the action of 
chemicals for long periods. It persists in a strong solution of 
glycerine but is destroyed by heating for 30 minutes at 75° C. 
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Views about its exact nature vary but available evidence 
tends to show that it is more or less specific. It acts best 
on the organism from which it was isolated, acts less actively 
on bacteria of the same group and has no action on those of 
other groups. 

In practice the Phage theory seeks to explain the 
recovery of individual patients and the gradual subsidence 
of an epidemic by the growth of the phage inside the patient's 
body and outside it in the material holding and serving to 
convey the infecting agent. 

Thus it would appear that a cholera patient who 
excretes the vibrios in the earlier stages of the disease in his 
stools and may thus serve to infect a common water supply, 
later on and during convalescence begins and continues to 
excrete along witli the vibrios the specific phage in gradually 
increasing amounts. The phage may thus be introduced 
into water supplies along with the vibrios during the later 
periods of an epidemic and becoming widely disseminated in 
the local population, confers immunity on it, itself gradually 
increasing in intensity and thus helping to stamp out the 
epidemic. According to this view, it would be undesirable to 
disinfect or sterilize water supplies especially during the later 
stages of an epidemic as this would destroy the beneficial 
phage along with the dangerous vibrios. This view is not 
universally accepted. i 

Treatment of Cholera by Permanganate of Potash. 

Whenever Cholera makes its appearance in a village, the 
water-supplies are purified by permanganate of potash. 
Permanganate destroys the germs which cause Cholera, and 
thus prevents the spread of the disease. Now it occurred 
to certain investigators that if permanganate could prevent 
Cholera by destroying Cholera germs in water, it might also 
cure Cholera by destroying the germs in a patipnt actually 
sick of the disease. It has been proved that if the drug is 
given properly, it has very good effects. Por several years 
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past, the Government of Bombay has issued tabloids of 
pennanganate free of charge for use in villages. Hitherto 
the tabloids have been dissolved in a seer of water. The 
patient receives only a small portion of the drug in relation 
to the amount of liquid swallowed, and as the stomach is 
very intolerant during Cholera, he often cannot retain it. 
Moreover, the drug has to do its work in the intestines and 
not the stomach, and for this purpose a pill is preferable to 
a soluble tabloid. The Sanitary Commissioner, therefore, 
has recommended that in future the drug should be 
stored in the shape of pills in all localities subject to 
epidemics, and promptly issued at the first appearance of the 
disease. He also recommended that the pills should be 
issued in ‘ treatments,’ similar to the qumine treatments 
which have become so popular. Government have 
accordingly issued orders that the Civil Surgeons of districts 
and the Deputy Sanitary Commissioners should keej) suitable 
stocks of permanganate made up into treatments of 24 pills, 
and these officers will supply them to Mamlatdars for issue, 
free of charge, in Cholera-infected localities. It will there- 
fore bo most important for village officers to report 
immediately to their Mamlatdars the first case of Cholera 
in their village and to obtain a supply of treatments for 
distribution. The Governor in Council trusts that they and 
all persons of education and influence will put forward their 
best efforts to popularize the use of the treatments and thus 
save many valuable lives. Government Order, General 
Department, No. 4289 of 25th May, 1915. 

Essential oils mixture . — ^This is made up of Spirit iEther 
30 ms,, the oils of Cloves, Cajuput and Juniper, each 5 ms. 
Acid sulphuric Aromat, 15 ms. Dose for cholera patients 
1 dr. every half hour with sufficient water till 8 to 10 doses 
are given. For contacts, one dr. with water once or twice 
daily during epidemic periods. The mixture is unpleasant 
to take and is not cheap. Very good results have been 
claimed for it. 
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Precautions to he adopted after the death or recovery of a 
patient.— Piyery article of bedding and clothing, the tapes or 
coir of the charpoy and the feeding and drinking vessels 
should be boiled for half an hour before allowing them to be 
washed, so as to destroy all germs. The floor and walls of 
the sick-room should be washed down with phenyle solution 
before being smeared with cowdung or limewashed. 

Cremation or burial of those dying of Cholera should not 
be carried out near any source of water. Cremation should 
be most thorough, and burial at least 6 feet under ground. 

Summary.— (Jh.o\exa results from swallowing living 
organisms with food or drink. These organisms are easily 
killed by heat, and therefore freshly cooked hot food and 
boiled water can be safely used. 

When Cholera is prevalent in an infected household, 
isolation of the sick, strict cleanliness and the free use of 
phenyle by the attendants, and disinfection by steam or 
burning of all infected articles will best prevent Cholera 
attacking other members of a family. 

In an infected village, in addition to these precautions, 
disinfection of wells by potassium permanganate will check 
the outbreak. (For method, see p. 94:5). 

The following instructions have been issued to taluka 
officers in the Bombay Presidency, for guidance on the 
outbreak of Cholera 

{Accompaniment to Government Order, General Dept,, 

No. 2290 of 18-3-1919.) 

Duties op the Mamlatdae dubing a Cholera Epidemic. 

1. Notification of infected villages to other villages in the taluka and 
to Mamlatdars of neighbouring talukas. 

2. Send reports to Sub-Divisional Officer, Deputy Sanitary 
Commissioner and Collector. 

3. Arrange, if possible, to go to the village with the*Sub- Assistant 
Surgeon or send one of the Head Karkuns or some other senior Karkun 
if that is not possible. 
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4. nut nl hy P])Cfiai inossnii^t'cr, if necessary, a stock of 

{'Imlera treatinents. 

.1. ArriiiiL'c for a traincfl man In <.'0 to the village at once to clisinfeeb 
the '.veils, if well wafer is used for drinking. 

t'HoI.KUA IXSTKt'CTIOXS TOB ViWLAGE OkKICEBR. 

.4. E.i'jtliumlonj mnnrk .^ : — 

I. The poison of (.'hnlera is a very minute living organi.«in : .so minute 
that inanv lakhs of them could he placed on a silver two-anna oue-pioce. 

•J. "^I'liis living organism muftijdie.s in the body of the person suffering 
from Cholera, and leaves the body in the vomit and dejecta. The vomit 
atul <lejeetii are therefore ftdl of the poison of Cholera : it is by thmi that 
ih(- itifiriinH is nin itil from person in jiersmi. 

3. A {KTson (‘an only be atlaeked by Cholera if he swallows in his food 
and drink .«om(‘ living Clndm'a organisms. 

4. Pood, iueluding milk, i.s eontaminated by flics .settling on it, or by 
the .soiled hands of those who prepare it for use, or otherwise handle it. 

Water in a river or tank is usually infeeted by ilm vstshiny nf soiled 
rlothi’H ill il ; or hy per.son.s with .soiled hands or feet washing in it or entering 
witli ('Httle. 

Water in a well is usually infected by soiled ve,s,scls being dipped in it 
or by wa.stiing eiothes in the lunghbourliood, .so that some of the soiled 
w'at(‘r can trickle back into the well. 

. 0 . Cholera organisms are delicate and are Mled by heat- or by certain 
disinfectants such as perniangauate of pota.sh and ohlorogen. Hence 
during a Cholera e[)idemie, ])(‘Oj)lc who drink only water or milk which 
lias been boiled, and eat only freshly (tooked food while it is still liot, will 
not get Cholera. If food is allowed to yet cold before enliny, it may be 
•reiiifeckd by flies seilUny on it. Flies sit on dejecta and vomit, and so 
carry filth directly to food. 

<j. Tlie digestive juieo of the .stomach in its healthy state is .slightly 
acid and destroys the germ.s of Cholera ; but the eating of too much fruit 
or of an}' under-rijje or over-riite fruit may destroy this natural power of 
resisting Cholera. Hence, during a Cholera epidemic do not eat fruit nf any 
kind, and avoiil .sherbets. 

B. What you can do to prevent your villaye from beiny infected ? 

1 . Do not allow any person from an. infected village to eirter your 
village. If this be impossible, do not allow any visitor from any village to 
go near any well or tank or river from which drinking w'ater is taken. 
Arrange for some villager to draw water for the visitor and then pour it 
into his water vessel. Allow no visitor or traveller to wash clothes in 
the village except in a selected place. 

I*. Advise all villagers to boil all water and milk, and to eat only 
freshly cooked food while it is still hot, and to avoid fruit and sherbets. 

3. Get tlie wells disinfected with potassium permanganate or 
chlorogen once a week, or as often as may be practicable. 



CHOLERA' — Govt. Order. 


683 



C. What to do when cases occur in your village to prevent the infection 
spreading ? , 

1. See that the sources of infection — the vomit and dejecta — are 
properly disposed of. The only safe way is to burn or boil all the vomit 
and dejecta. 

{a) In some houses people may find it convenient to catch the dejecta 
in shallow earthenware vessels. In this case a vessel such as a kerosine oil 
tin should be kept on the fire with a little water in the bottom. The 
contents of the pan should be thrown into this. After a few minutes 
boiling the contents will be harmless and can be buried. 

(6) If earthenware pans are not available or cannot be conveniently 
used, dry grass, dry leaves, sawdust or rags should be placed below the 
sufferer, and near his mouth. The soiled grass, etc., should be removed 
and burnt on a fire outside. 

(c) In every case a wide mouthed vessel of boiling water such as a 
kerosine oil tin should be kept on the fire, and all soiled clothes should be 
thrown into it, and boiled for 15 minutes before they are taken to be washed 
in the ordinary way with cold water. 

(d) The soiled ground below the patient can be disinfected with a 
strong dismfectant like j)]ienyle. If no such disinfectant is available, 
soak the soiled ground with kerosine oil, crude oil or pcsterino. This will 
prevent flies from settling on it. Then scrape away the soiled earth and 
throw the scrapings on the fire. 

2. Allow no one from an infected house to go near the village sources 
of water for any purpose whatsoever. 

3. Make arrangements to supply such persons with water. The 
water must not be drawn with vessels belonging to them, but with vessels 
kept for the purpose and sliould then be poured into their own vessels. 

4. Allow no one to wash his mouth, body or clothes near any water 
which is used for drinking. 

5. Close temporarily all steps to step-wells. 

6. In the case of drato-wells : — 

(») If possible keep separate vessels for drawing water, and do 
not allow people to use their own. 

7. Select some wells for drinking water supply if there are many, and 
arrange for their regular disinfection ; once a day while cases of Cholera 
occur if possible. 

8. Advise people daily to use the selected wells, and have these wells 
carefully watched so that no one can wash himself or his clothes near them. 

9. ^yhen water is taken from a river : — 

(a) Select one place for drawing drinking water or dig special 

budkis in the river bed. 

(b) Allow no one to wash himself or his clothes, water cattle, or 

perform funeral ceremonies near this place or upstream 
from it. 
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Arrar 4 'o for Ihest* matters being done down-stream. 

(f:) Keep a watelunan to see tliat'^theae rules are obeyed, 

10. Arrange for a man with a tomtom to go round the village daily 
to advise people, to boil all drinking water. 

11. Arrange, if i)ossibh*, for the supply to houses from whicih cases 
have been reported of earthenware vessels, grass, vessels for boiling water 
and fuel for boiling water or burning dejecta, soiled grass, etc. 

12. iSend a special mahar at once, even if it is in the middle of the 
night to report the first ease to the Mamlatdar. 

The reasons for this iinmediate report arc : — 

(a) The Mamlatdar can inform other villages, so that they may 
take timely iirecautioiis to protect themselves, 

(Jj) The Mamlatdar can arrange for some one with more knowledge 
and experience to visit the village for the treatment of the 
sufferers, and the jirevention of the spread of infection. 

(c) .A large stock of medicines cannot be kept in every village. A 
small amount can be stocked for the first few cases, but the 
main supidy must be stored at taluka headquarters. From 
this store more treatments can be sent to a village at once 
if a prompt report is sent to the Mamlatdar as soon as the 
first case occurs. 

D, Iloiv to treat the sufferer ? 

1, Medicine . — Give the friends at once a bottle containing potassium 
permanganate pills. Each bottle contains 24 pills, made up to the 
prescription of a doctor with very great experience, in the treatment of 
Cholera, 

One pill should be given every 15 minutes so long as the sufferer can 
swallow. The pills can do no harm if given at any state of the disease ; 
they will do good if the stomach can retain them. Give the pills as early 
as possible : they are most valuable in the early stages. So advise people 
to report as soon as Diarrhoea commences. 

2, Diet must be light : it should consist of milk and water or a conjee 
made of rice, jawari or bajri. This liquid diet should be given in small 
quantities— a mouthful or two at a time, and frequently— that is about 
every 30 minutes. 

This weak diet should be contained/or some days after apparent recovery ; 
fatal relapses are often caused by an injudicious and premature return to 
ordinary food. 

3, Drinks , — The thirst in Cholera is usually very great : try to 
alleviate this by giving small quantities of cold boiled water, cold barley 
water, cold arrowroot water, or aerated water. 

If ice is available, small pieces of ice may be given to the sufferer to 
suck. 
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Do not let the sufferer drink a large quantity at one time. A large 
draught excites vomiting and increases the thirst. Frequent sips will 
relieve thirst, large draughts will not. 

4. Pain . — Try to relieve the painful cramps by hot fomentations and 
gentle massage. 

5. If a hospital is near at hand arrange to remove the sufferer there 
at once. 

Choleea Leaflet fok Village Householders. 

A. Explanatory remarks : — 

1. The poison of Cholera is a very minute living organism : so minute 
that many lakhs of them could be placed on a silver two-annas piece. 

2. This living organism multiplies in the body of the xierson suffering 
from Cholera, and leaves the body in the vomit and dejecta. The vomit 
and dejecta are therefore full of the poison of Cholera : it is by them that 
the infection is carried from person to jierson. 

3. A person can only be attacked by Cholera if he swallows in his food 
and drink some living Cholera organisms. 

4. Food, including milk, is contaminated by flies settling on it, or by 
the soiled hands of those who iirepare it for use, or otherwise handle it. 

Water in a river or tank is usually infected by the washing of soiled 
clothes in it ; or by jpersons with soiled hands or feet washing in it, or entering 
it with cattle. 

Water in a well is usually infected by soiled vessels being dipped in it 
or by washing clothes in the neighbourhood, so that some of the soiled 
water can trickle back into the well. 

5. Cholera organisms are delicate and are killed by heat or by certain 
disinfectants such as permanganate of potash and chlorogen. Hence, 
during a Cholera epidemic, people who drink only water or milk which 
has been boiled, and eat only freshly cooked food while it is still hot will 
not get Cholera. If food is allowed to get cold before eating, it may be rein- 
fected by flies settling on it. Flies sit on dejecta and vomit and so carry 
filth directly to food. 

6. The digestive juice of the stomach in its healthy state is slightly 
acid and destroys the germs of Cholera ; but the eating of too much fruit 
or of any under-ripe or over-ripe fruit may destroy this natural power of 
resisting Cholera. Hence, during a Cholera epidemic do not eat fruit of any 
hind, and avoid sherbets. 

B. Hoxv to protect yourself from Cholera ? 

1. Never drink any water which has not been boiled. 

2. Store boiled water in vessels which are cleaned every day by 
rinsing them with boiling water. Keep the vessels carefully covered. 

3. Allow no one to dip cups in the ves.sels for storing water. If cups 
are used for drinking, they should be filled by pouring water from the 
storage vessels. ' 
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-1. XiiVf'r ih'itik imlniilcfl milk. 

ill) uot kiwi'r v<‘Tir |iu\\T-r (ff rf.sisting iiit'ecition by eating fruit or 
flriiikiu'i slu rlx't.--. 

J-iat i.nly frc.-lily euulu-fl hot fo(.(l. Do not eat sweets and dried 
fniits bongiii iii Ihe baV, ir, and whieh may have been infected by flies. 
Evctv one nin.-t have seen tlie swarms of flies oi. sweets and other articles 
of food extjosed for -'.ih in shojis. 

7. Never eat uiieooked vegetables. 

H. Wash your hands earefnilv ladore. eating. 

!). 1)0 not i-nter a llou^e in whieli tliere is a ease of Cholera. 

Id. inform the hatid at oive if you see an inmate of a iiouse in which 
tliere i» a ease of Cliulera near the source of the village drinking water- 
Hiniply. 

f '. If //'in huir tij II c'l'-'f- of (-’liolcru or Biarrhma in the village inform 

the J'nfilitf ii>n‘r. 

}). W’h'tl to il'i u nn nihrr of ijiiur house ifi attnehed ? 

I. inform the I’atel at onee. 

J. A^k the I’alel for a holtl.a of Cholera treatments, and start giving 
the pilis to the siiiferer at oui;e. 

.Art ill lhi‘ same way <'Vea if yon think it Is only diarrlima. The pills 
will do good even if it is >im[ile Diarrlnea ; for Cholera they are the best 
treatment jiossilde if the jiatient cannot go to hospital or cannot obtain 
the conitaiil advice of a doctor. 

Ji. Keep all memhers of the houscdiold, c.xeept those actually required 
to attend the sick person, in a .separate room or outside the house. 

4. Every attendant on a sick per.sou .should be very careful to scrub 
his hands with .soap and liot water every time lie touehes the sick person 
or anything soiled hy him. 

E, How to treat the. sufferer ? 

L Each bottle of Cholera treatments contains 24 pills made up to the 
prescription of a doctor with very great c.xpericnc;e in the treatment of 
Cholera. 

One pill should lie given every 15 minutes so long as the sufferer can 
swallow'. The pills can do no harm if given at any stage of the disease ; 
they will do good if the stomach can retain them. Give the pills as early 
a.s ])o.ssible : they arc most valuable in the early stages. So advise people 
to report as soon as Diarrhoea commences. 

2. Diet must be light : it should consist of milk and water or a conjee 
made of rice, jawari or bajri. This liquid diet should be given in small 
quantitie.s— a mouthful or two at a time, and frequently— that is about 
every 3d minutes. 

This w'eak diet should be continued for some days after ap2)arent 
recovery : fatal relapses are often caused by an injudicious and premature 
return to ordinary food. 
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3. Drinks . — ^The thirst in Cholera is usually very great : try to 
alleviate this by giving small quantities of cold boiled water, cold barley 
water, cold arrowroot water, or aerated water. 

If ice is available, small pieces of ice may be given to the sufferer to 
suck. 

Do not let the sufferer drink a large quantity at one time. A large 
di'aught excites vomitmg, and increases the thirst. Frequent sips will 
relieve thrist, large draught will not. 

4. Pain . — Try to relieve the painful cramps by hot fomentations and 
gentle massage. 

5. If a hospital is near at hand, arrange to remove the sufferer there 
at once. 

Sanitation of Places of Pilgrimage and Religious 
Fairs and Festivals. 

There are several places of pilgrimage in India such as 
Hardwar, Benares, Muttra, Ambernath, Pandharpur, etc., 
where large fairs are held during certain seasons of the year. 
Hundreds of thousands of pilgrims congregate at these fairs 
and religious festivals, where an epidemic of water-borne 
diseases, chiefly cholera, frequently occurs. The sanitation 
of these fairs is therefore a matter of great importance, and 
at the same time, a very difficult task owing to the ignorance 
and filthy habits of the pilgrims. The waters of the sacred 
rivers and tanks at these pilgrim centres are seriously 
polluted by thousands of people bathing in them, and 
committing nuisance along their banks, and at the same 
time, such contaminated waters are drunlc by them with 
perfect equanimity. 

The principal sanitary provisions which are necessary 
at these fairs and festivals are, suitable accommodation 
in lodging houses or properly constructed camps, the employ- 
ment of a sufficient stafi of officers and men for supervision 
and inspection work and also for efficient conservancy, the 
provision of a pure supply of water and sufficient latrine 
accommodation, a sanitary police patrol to prevent the 
commission of nuisances, and the construction of a tempo- 
rary hospital with the requisite stafi, for epidemic diseases. 
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All lodging houses should he lioensed and registered 
after proper inspection. Overcrowding must he prevented 
hy fixing the nuruher of lodgers to he accommodated in each 
house, which must at the same time he clean, well venti- 
lated and drained, and have adequate water supply and 
privy accommodation. The camps should, if possible, be 
ercKited on a slightly elevated site so as to secure natural 
drainage, and they should be divided into separate sanitary 
areas in charge of one or more sanitary inspectors. Each 
area of the camp should he regularly visited to see that the 
men and women in charge of the latrines are keeping them 
scrupulously clean, and also to ascertain if there is any sick- 
ness, so that prompt measures may be taken for the removal 
and treatment of the sick to hospital. 

The. conservancy of the camps and latrines should be 
cfTicient. For tliis purpose, an adequate staS of male and 
female sweejiers should be employed, and the number of 
carts for the removal of refuse and night-soil should be care- 
fully reckoned, on the approximate number of pilgrims Idrely 
to be present. The floor of the latrines should be properly 
paved or cemented and drained, and each seat should have 
a bucket or iron receptacle. The avails of the latrines may, for 
the sake of economy, be made of bamboo matting. A liberal 
use of disinfectants such as carbolic powder, hycol solution, 
etc., should be made in keeping the latrines clean and free 
from flies. For the latter purpose, the application of 
pesterine to the floors and receptacles of the latrines is very 
desirable, because flies are potent carriers of the infection of 
cholera, dysentery and typhoid. 

The latrines should be so located as to be easily 
accessible, and they should he lighted at night. In fact no 
latrine ought to he at a greater distance than one hundred 
yards fi-om each camp, otherwise the pilgrims are likely to 
avoid the trouble of using them. As regards the number of 
seats, there should be one seat for every 50 pilgrims residing 
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in the camps. For people who merely visit the fairs daily, 
soine accommodation is also necessary, and for them, two 
seats per 1,000 may be considered a suJB&cient average. 

Where it is considered too expensive to provide regular 
latrines, the trench system may be adopted. A trench forty 
feet long, about a foot in width, and a foot or two in depth 
will prove quite convenient where the soil is firm. In 
sandy loose soil, the deep trench will have to be provided 
with boards and supporting cross beams to protect the edges 
of the trench from falling in by the weight of the user, and 
as many trenches of these dunensions as are necessary, should 
be provided. All refuse and night-soil are best disposed 
off by ]neans of incineration in temporary incinerators. It 
is of the utmost importance that the pilgrims should 
not be allowed to pollute the banks of rivers or tanks or 
other sources of water-supply, but should be made to 
use the latrines. For this purpose a sanitary police patrol 
is necessary. 

Every source of water-supply should be under proper 
suiiervision to guard against its improper use and contami- 
nation. If possible, filtered water should be distributed. 
If this is not available, deep tube wells should be dug. All 
wells and tanlcs should be treated with permanganate of 
potash, or better still, chlorinated. It is estimated that 
15 pounds of bleaching powder containing 35 per cent, of 
available chlorine, ufill completely sterilize in about 15 
minutes, a tanli five feet deep and one acre in area. In all 
cases where such wells and tanks are used, a watchman should 
be kept to see that the vessels belonging to the public are 
not dipped into them for drawing the water, but mechamcal 
arrangements should be made for the pmpose. If river 
water is used for drinking purposes, its intake should be higher 
up the stream. On no account should the people be allowed 
to wash themselves or their clothes along the banks of 
such tanks or rivers. Funeral ceremonies should also be 
performed down the stream. 

44 
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Arraii^^ements should also be made for a market where 
the ])ilgrims could buy ])ure and wholesome food. Particular 
care sliould be taken of the milk-supply. There should be a 
sanitary inspector in charge of this market, whose duty it 
shoulffheto in.spect and destroy all unwholesome food, 
v('geta})les, and unripe fruit. 

All these fairs .should be under the direct supervision 
of the medical officer of health of the district. He should 
make all the necessary sanitary and medical arrangements. 
He and his .staff should be on the alert to detect any cases 
of infectious diseases. A well-equipped temporary hospital 
should b(.' provided near the fair for the treatment of patients. 
Wherever possibhi, ain})ulances for conveying the sick to hos- 
]jita] should also be provided. If it is not convenient to have 
ambulances, stretchers with gangs of coolies for carrying 
the patients should he kept in readiness. 

In order to prevent an outbreak of cholera, it is very 
advisalile to inoculate all incoming pilgrims with anti-cholera 
vaccine. 

Smallopox and Vaccination. 

The origin of Small-pox is involved in much obscurity. 
It is supposed to have had its origin in the East ; certain it 
is that this very loathsome and fatal disease has been known 
in India for a long time. It was a disease from which 
almost every person born had to suffer and from which 
a large number of persons died or were disfigured terribly. 

Definition.— A. specific infectious disease due to an 
unknown virus and characterised by fever and a rash that 
passes successively through stages of papule, vesicle, pustule, 
crust, with a great tendency to subsequent scarring. 

Etiology. 

Incubaiion period.— Average 12 days. Extreme limits 
from 5 to 21 days. 

Alode of infection.— 'Smhahlj through the mucous mem- 
brane of the mouth, nose or respiratory tract. Infectivity : 
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greatest during the pustular stage of the eruption but starts 
from the very commencement of the disease and lasts till 
all the scabs have fallen olf. The dried scabs are the main 
source of infection which stick to clothing, etc. 

Quarantine 'period .— less than 16 days. 

Characteristic initial symptoms are.— (1) Erontal Head- 
ache, (2) Vomiting, (3) Pains in the back. All three are often 
intensive. 

The rasA.— Appears first on the face, forehead, backs of 
the wrists and then spreads. It passes through the following 
stages— (1) Macule 3rd day, (2) Loculated vesicle becoming 
subsequently umbilicated, 6th day. (3) Pustule with a blackish 
scar in the centre, 9th day. 

One attack usually confers life-long immunity. 

Small-pox, as it occurs in the present day, may be 
divided into (1) Small-pox in the unvaccinated, and (2) 
Small-pox modified by vaccination. In both cases, after a 
person has contracted the disease, he may remain to all 
appearance quite well for eleven or twelve days ; he then 
becomes feverish and sick, and complains of pain in the back 
for two or three days. Finally, the eruption comes out 
(usually first on the face), pimples which fill with clear lymph 
and then become pustules and form crusts. If the spots on 
the face run together, the disease is called confluent ; if they 
remain separate on the face, the disease is called discrete. 

Thus when a person has been exposed to infection, he 
should be quarantined for a clear fortnight. If he remains 
quite^^ell, he may be regarded as safe. The patient is 
infectious from the very first symptom till all the scabs have 
fallen ofi. However, a case is rarely notified until the 
eruption appears and if then properly isolated, the spread of, 
the disease is generally prevented. It has been found that 
if Small-pox were modified by vaccination, a patient treated 
in hospital would be free from infection five weeks after the 
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eruption began to appear ; if tlie disease were not modified, 
a ]iatient (provided he recovered) would not be free from 
iu{e,etion until eight weeks after the eruption began to appear. 
As flu* particles, by means of which the disease is spread, 

stored u]) in the crusts, these should be kept oiled from 
tiic time they begin to form. 

Cases in whicli the disease is modified by good 
vaccination are often so mild that the whole eruption may not 
amount to a dozen spots. Such cases are particularly liable 
to escape {ittention. The head of the household may know 
nothing about them, and there is little likelihood of a doctor 
being called in. Yet infection communicated from such a 
pati(nit, if the receiver be unvaccinated, may be as severe as 
possible. 

An uttonuiit(;cl type of small-pox prevalent in certain 
countri<'s lias been named as Alastrim. It was believed at 
first to bo a distinct disease from small-pox. The disease is 
characterised by high infectivity but low severity and is 
rarely fatal. It may, liowevcr, lapse at times into the more 
virulent type and prove fatal. In the mild form, the pre- 
monitory symptoms are milder and the rash may appear in 
successive crops on the same area, so that pocks of different 
ages may be co-existent. The vesicles vary in size but are 
uniformly round in shape and do not always show umhili- 
cation. There is no secondary fever at the time of pustula- 
tion of the pocks. Vaccination is said to be protective 
against the disease. 

The experience of the disease had shown 
that a person was not seized with it twice, that in a large 
percentage of cases one attack was protective against future 
attacks. In this experience is to be found the origin of the 
inoculation of Small-pox, a method consisting in inoculating 
the variolous matter into a wound on the body of a person 
previously untouched by Small-pox and thus giving him 
immunity from an attack of the natural disease. 
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The inoculated disease was found to be much mildei 
than the natural disease and was therefore very willingly 
resorted to by the countries which suffered from Small-pox, 

According to tradition, inoculation was a most ancient 
custom in India. It was practised by a particular tribe of 
Brahmins who, Mr. Holwell informs us, “ were delegated 
from the different colleges of Binddobund, Benares, etc., 
over all the provinces. These divided themselves into small 
batches and arranged their circuits in such a manner as to 
arrive at their respective places of destination some weeks 
before the usual return of the disease.” The Brahmins 
operated at the door, refusing to inoculate any who had not 
observed previously for a month the preparatory course of 
abstinence from fish, etc. Friction with a piece of dry cloth 
was made on the forearm or other part intended for inoculation ; 
slight scratches with a fine sharp instrument were then made, 
but scarcely deep enough to draw blood ; on this was band- 
aged a moistened pledget of cotton saturated with matter 
from the inoculated pustules of the previous year. The 
pledget was allowed to remain for six hours, after which 
the bandage was removed and the pledget left to fall of itself. 
The inoculated person was frequently douched with cold 
water over the head and shoulders upto the time of eruptive 
fever and the douches were resumed on the appearance of 
the pustules. 

But inoculation had its own drawbacks. The method 
was not as safe as one could have wished and proved fatal in 
some cases ; worse still, the inoculated disease was as in- 
fectious to the unprotected as the natural disease. It was, 
however, the milder of the two evils and continued to be 
practised in India till late. 

Vaccination. 

In 1798 Edward Jenner published his inquiry into the 
causes and effects of variolse vaccinse and proved that a 
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person wlio had the Cow-pox, either accidentally or inten- 
tionally was not siiscc^ptiblc to inoculation of Small-pox 
and cojiscqucntly was safe from the natural disease. He 
proved, tliat it was possible to propagate the Cow-pox (or 
vaccinia) by inoculation after the manner of Small-pox 
inoculation first from cow to man and subsequently from 
one human subject to another. 

Vaccination in Bombay. 

The earliest record of vaccination available in Bombay 
pertains to the year 1849. But there is no doubt that vac- 
cination was introduced into Bombay half a century earlier. 
History tells us that Jemier was very anxious about the in- 
troduction of vaccination in India. In 1799, about the end 
of 1ln' year, ht' sent copies of his works and a quantity of 
vacciiK* on, lioard the “ Qiieen ”, an East Indiaman, but the 
vessel was unfortunately wrecked on the outward voyage 
and the object frustratisl. Jenner renewed his attempt ; 
but the lymph was transmitted on lancet points or by means 
of threads soaked in the virus ; but the length of the voyage 
and vicissitudes of climate for a time rendered futile all 
attempts to diffuse vaccination in the East. Eventually 
the genius of Jenner triumphed ; for he secured the services 
of series of volunteers who were successively vaccinated 
during the voyage. Cow-pox was thus transmitted from 
arm to arm until it reached Ceylon and India. In the mean- 
time, a supply of lymph had entered India from, another 
source through Bombay ; for in the spring of 1799, Dr. Pearson 
sent to Dr. Decarro, a Genoese by birth, then settled in 
Vienna, a supply of lymph upon threads. Decarro vac- 
cinated successfully with it and in turn sent some of his 
lymph to Thomas Bruce, Earl of Elgin, who was then British 
Ambassador at Constantinople. He, with the courage of a 
Wortley Montague, first vaccinated his own son and then 
transmitted ;Some of the lymph to Bombay, where the practice 
spread. The new method was at first opposed by the 
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inhabitants, but their objection was in part overcome by a 
“ pious fraud Mr. Ellis of Madras composed a short Sans- 
krit poem on the subject of vaccination. It was inscribed 
on old paper to give it an air of antiquity. In the Bombay 
Presidency, impetus to the work was given by the Honourable 
Mountstuart Blphinstone, Governor of Bombay, 1819-1827. 
The province was divided into four divisions, a European 
vaccinator being in charge of each division. Arm to arm 
vaccination was practised in Bombay till 1869, when it was 
replaced by animal vaccination. 

The Bombay Vaccination Act of 1877 requires every 
Bombay-born child to be vaccinated within six months of 
its birth and every oiitborn person under 14 years within 
tkree months of his arrival in Bombay. Bombay was the 
first City in India to maire vaccination compulsory. 

The Registrar of Births sends a notice to the parent or 
guardian of the child directing his attention to the Vacci- 
nation Act, which requires the vaccination to be done within 
six months of birth, and mentioning the place and hour 
where vaccination is done free of charge on a certain day of the 
week. He also submits to the Superintendent of Vaccination, 
tlirougli the Executive Health Officer, a list of the births 
registered by him. 

Bombay is divided into ten vaccination districts, each 
under a vaccinator. He is assisted by 3 or 4 karkuns under 
him, whose chief duty is to find out children for vaccination. 

Each district has two or more public Vaccine Stations, 
where vaccination is done free of charge once a week. At 
some stations Vaccination is carried out every day. Every 
vaccinated child has to be brought at the same station next 
week for inspection by the Superintendent or the Head 
Vaccinator, when a certificate of successful vaccination 
is given. The date of vaccination of each Bombay-born child 
is put against its name in the register and notices are served 
against the rest as soon as they reach the age of six months. 
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Preparation of Glycerinated Calf Lymph. 

Calf inoculation was started in Bombay in 1869, and the 
lymph was cultivated from calf to calf. The stock of lymph 
was at times renewed from the English lymph supplied by 
the Secretary of State and at times by retro-vaccination.* 

Since the opening of the Vaccine Institute at Belgaum, 
preserved glycerine calf lymph supplied by it has entirely 
rejilaced lymph locally prepared in Bombay. 

The preparation of lymph briefly stated is as follows 

Healthy cow calves about a year old are kept isolated for 10 
days. During this period they are bathed carefully in Arsenic 
solution on two occasions to kill off ectoparasites. If healthy 
at the end of this period, a calf has its belly shaved, washed 
with sterile water and then inoculated with stock vaccine 
hy light parallel incisions with a sharp scalpel charged with the 
vaccine. During the next 5 days glycerine is applied to 
the developing vesicles and a bandage put on. On the 6th 
day the pulp of the vesicles is removed aseptically. To this 
a proportionate quantity of a faintly alkaline mixture of 
glycerine and water is added and the •whole mixture is ground 
thoroughly by being passed between glass rollers four or five 
times. It is then subjected to the action of Chloroform vapour 
through an automatic aspirating machine for about 30 
minutes. This kills off most of the extraneous organisms. 
The lymph is then sealed and kept under cold storage until 
required for issue. The whole process is done at as low a 
temperature as possible and under aseptic precautions. The 
lymph is also tested to see its bacterial contents if any. The 
few chance extraneous organisms that escape the chloroform 
are killed off hy the action of the glycerine. Eor despatch 
out of Belgaum, the lymph is put up in small tubes wrapped 
in wet cotton wool and put in a wood box and corked 
and posted in a cardboard box inside a stout envelope. The 
* Itetrovaccination means vaccination from TYign to calf. 
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lympli is to be used as soon as possible after receipt at tbe 
station. It keeps potent for years under cold storage. A 
tube once opened must be used up at once. 

In Paris, tbe lymph is diluted with an equal bulk of 
glycerine. In Brussels, twice the biiU^ of glyceriae is added. 
In England, 5 to 8 times its bulk of 40 to 50 per cent, pure 
glycerine with distilled water is added. 

Vaccination op a Child. 

Age—Th^ best age is 3 months. In an epidemic it can 
be done on younger children but in these only 2 insertions 
are recommended. The outer surface of the arm should be 
washed with sterile water and allowed to dry. Acetone may 
also be used, as is done in Bombay with very good results. 

Insertions . — With a lancet superficial incisions are made 
in the epidermis through 5 drops of the lymph previously 
placed on the two arms. These should be allowed to 
dry thoroughly before being covered. The lancet should be 
thoroughly sterilized after the vaccination of each person. 

A papule is seen on the third day which turns into a 
vesicle on the fifth and a pustule on the ninth day with 
the margins raised, the centre depressed and the whole 
surrounded by a red areola. A crust forms on the eleventh 
day and drops off about the twenty-first leaving a smooth 
slightly depressed pale scar. 

Constitutional symptoms are mild ; fever as a result of 
inflamation of the arm is usually present. 

There are no dangers, provided the vaccinated part is 
kept clean and not disturbed. ISTo dressing is required. 

Post-Vaccinial Encephalitis . — ^Although cases undoubtedly 
traceable to vaccination have occurred in Europe, there have 
been none recorded in India. 

Marsden and Hurst (Brain, 1932, Vol. 55, part 2, p, 181) 
affirm that encephalitis following vaccinia, small-pox, measles. 
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aiiti-rabic tr(‘atnif.'nt andpossibly cow-pox, mumps, and rubella, 
as well as certain cast*.s arising independently of any known 
exantlunn can be classified into one group as they clinically 
produce more or le.ss the same symptoms, and pathologically 
the same lesions. This form of encephalitis differs from 
Encephalitis lethargica, poliomyelitis and rabies in that in 
the latter the primary attack is on the grey matter of the 
cerelu'um and in the former on the white matter. 

This proves that it is an independent disea.se which is 
merely activated by vaccinia Sraall-pox, etc., and not the 
result of some change in virulence or other property of the 
virus of thfi primar}’’ affection. Hence post-vaccinal ence- 
phalitis cannot be attributed to any error in preparation of 
caif-lymi)h. 

UnMucces.sful vaccination is chiefly due to defective 
technique or the use of inert lymph. It may also be due to 
natural hmiuinity on the jiart of the child. 

Re-rnccination . — Immunity from first vaccination does 
not last for more than 7 to 10 years ; it is advisable therefore 
to repeat vaccination at the age of 10 years and also at 21 
years. 

In grave epidemics fresh vacchiation centres should be 
opened in as many places as possible, vaccination being done 
even from door to door, if necessary. 

Vaccination of 2 )erscmpi exposed to infection . — The incub- 
ation period of Vaccinia being very much shorter than that of 
Small-pox, persons vaccinated during the first three days will 
escape Small-pox and those vaccinated as late as the fifth 
day will get it in a modified form if they at all suffer. 

Dukation of Small-pox Immunity confeered by 
SuccE.ssFUL Vaccination. 

There are two means of judging the duration of Small- 
pox immunity conferred by a successful vaccination. The 
first is tlirough observation of those, who having had a 
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successful vaccination, are later exposed to Small-pox and 
tlie second, tlie duration of immunity to vaccination with, 
vaccine. 

It is well known that an occasional individual responds 
only slightly to immunizing agents ; the degree of immunity 
established varies with the individual. The variable period 
that diherent individuals retain immunizing substances is also 
evident in all infectious diseases. This peculiarity is present 
for all anti-bodies. The enormous experience now gathered 
indicates that it is wise for any one exposed to Small-pox to 
be re-vaccinated, if a successful vacciaation has not been 
obtained within nine months. The general population should 
be vaccinated about every five years, when Small-pox is at 
all prevalent. Even when the disease is absent, it is necessary 
that all persons be vaccinated in infancy and again in child- 
hood so as to keep the population moderately immune and 
so prevent a sudden development of an epidemic. 

The protection vaccination affords against Small-pox 
may be stated as follows : — 

(1) That it diminishes the liability to be attacked by 

the disease. 

(2) That it modifies the character of the disease and 

renders it less fatal and of a less severe type. 

(3) Tliat the protection it affords against attacks of 

the disease is greatest during the years immedia- 
tely succeeding the operation of vaccination. A 
child must be vaccinated within six months of 
its birth unless — 

(1) the parent obtains a certificate of exemption 
or (2) the child is attacked by Small-pox 
within that period or (3) three or more 
unsuccessful attempts at vaccination have 
been made or (4) a medical certificate of 
postponement is given on ground of ill-health. 
(Eoyal Commission on Vaccination, 1896), 
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n<>w vfiry severe Sinall-pox may be, those who have had 
long experi(;iice hi connection with the disease can testify. 
Til ere arc' two forms hi particular that occur — ^the so-called 
black Sniall-pox ” where the eruption becomes dark from 
innunierable small ha 3 morrhages, and the variolse sine variolis, 
where the' disease is so malignant that there is no eruption 
but the skin is thickened and somewhat livid. 

Ceremony Connected with Vaccination. 

The Indian community as a whole does not object to 
vaccination. Their indolence and apathy, however, come in 
the way of their getting children vaccinated early, unless the 
Vaccination Department compels it. This compulsion 
the Act allows to be ajiplied. There are, however, a few 
jmijudiiics connc‘cted with vaccination vrhioh it is worth 
wJiile noting. Of these, the first is the religious aspect 
given to vaccination. The ceremony performed is the same 
as is gone through when a person gets the Small-pox. It 
consists in what is known as “ naming ” the disease, 
which is done when the vaccine vesicles appear. On this day 
a worshi]) is commenced in a certain form with the burning 
of incense, a swing is provided with a number of neemb-leaf 
strings hanging above it and ladies of the house and 
neighbours and friends sit on the swing and sing in praise 
of God . This ceremony goes on for 9 days w>^hen the ‘ ‘ vibhuti’ ’ 
ceremony is performed. This consists in applying “ abir ” 
to the pustules ; the friends and relations of the family 
send pre.sents of sweets and fruits to the child. From this 
day the disease is said to be on the decline, but the worship 
referred to above continues till the 21st day when the child 
is given a bath and taken to the temple of goddess Shitala, 
where the w^orship of the goddess is performed with great 
pomp and eclat. On the same day, friends and relations 
are invited to dine at the place. This ceremony is either 
much curtailed or even omitted by the higher classes of the 
Hindu community, but is still followed in detail among 
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KLatris, Kolis, etc. All this means expense and consequent 
delay in tlie vaccination of children. Second, a superstition 
generally noticed especially among Kolis is that no vaccina- 
tion is allowed to be done in the locality where there are cases 
of Small-pox, as thereby goddess Shitala is believed to be 
much enraged. 

Effect of Vaccination on Small-pox. 

The effect of vaccination on Small-pox will be seen by the 
comparison of the figures of mortality from Small-pox before 
and after 1877 , the year when vaccination was made 
compulsory. The number of epidemics in the latter period is 
worth comparing with the number of epidemics in the former 


Before the Compulsory Vaccination Act. 


Year. 

No. Of 
deaths. 

Year. 

No. of 
deaths. 

Year. 

No. of 
deaths. 

Year. 

No. of 
deaths. 

I860* 

1,308 

1857 

346 

1864* 

1,707 

1871* 

919 

1851 

610 

1858* 

1,714 

1865 

567 

1872* 

1,854 

1852* 

1,003 

1859 

374 

1866* 

1,077 

1873 

714 

1863 

677 

1860 

166 

1.867* 

1,055 

3 874 

261 

1854 

232 

1861* 

1,627 

1868* 

1,123 

1875 

1 248 

1855* 

1,088 

1862 

163 

1880* 

1,725 

1876* 

3.174 

1856 

179 

1863* 

3,059 

1870 

556 

3877* 

958 


After the Compulsory VaccinatioxN Act. 



£ 
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In Ri)ite of tho efforts of the Health Department to get 
all the children vaccinated, and to protect the City from 
Srnall-pox, epidemics of the disease, though on a much smaller 
scale than before, occur and the causes of these epidemics are 
as follows : — 

fl) A certain number of births escape registration, 
and possibly these children are not vaccinated. 

(2) Vaccination does not give a life-long immunity and 

in some countries, weU-advanced in sanitation 
re-vaccination in later period of life is made com- 
pulsory. hTo such law exists in Bombay, 

(3) Influ.x of unprotected persons from other parts of 

India, where vaccination is not carried out with 
the required vigour, and the difficulty of finding 
out such persons when they arrive in Bombay. 

(4) Tin; Hajis, most of ivliom are unprotected, were 

found to be bringing the infection from Mecca 
but the steps taken now to vaccinate them before 
leaving for the Haj have relieved the Health 
Department from one source of anxiety at least. 

Duties of the Sanitary Authorities when a case of 
SmalDpox is reported. 

I. Isolation of the patient in an Infectious Disease 
Hospital or in a well isolated room with proper nursing at 
home, if the whole house is occupied by one family, 

II. Vaccination of all those who have been in contact 
with the patient. 

III. No convalescent should he allowed to mix with 
others till all scabs have fallen off and all ulcers in places like 
the nose, skin below the finger nails, etc., have thoroughly 
healed up. 

IV. Infected articles should be burnt if of small value or 
thoroughly disinfected along with the room by fumigation, 
exposure to sunlight, steam, etc. 
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Y. Attendants should wear overalls which should be 
disinfected after use every day. 

, VI. Corpses should be wrapped in sheets wet with 
strong disinfectant and if possible burnt. Burial should be 
done in lead-lined coflSins made specially airtight. 

Enteric or Typhoid Fever. 

Definition . — A specific infectious disease characterised by 
continued fever, enlargement of the spleen and mesenteric 
lymph glands, ulceration of the Intestine and a rose coloured 
eruption. 

Incubation period — from 10 — 14 days : (maximum 23 
days). 


ETIOLOGY. 

Enteric Fever is due to the introduction of a special 
organism. Bacillus typhosus (Eberth), into the human body 

This may occur in several ways 

(1) Direct contagion.— This is possible in the case of 

persons attending upon typhoid patients or 
dealing with or handling infective or infected 
material such as faeces, soiled linen, etc. 

(2) Infection of water supplies.— This arises through 

infected articles being washed in or near wells, 
tanks or by infective material such as excreta 
finding their way into them. 

(3) Infection of food materials.— This may occur in 

several ways. Milk and mill?: products may be 
adulterated with infected water or stored or 
prepared in or dealt with in vessels washed with 
it. Salads and green vegetables may be similarly 
made infective. Oysters and other shell fish 
growing in polluted beds and ice prepared from 
infected water are other important ways of 
infection. Food material may also be con- 
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taminated % insects, mice, rats, etc., having 
acce.ss to both food and infected matter. 

(4) Contamination of the soil This may lead to 

infection in 2 ways. Dust laden with bacilli 
may settle on exposed food stuffs or water. 
Bad sewers and cesspools and defective drains 
may lead to contamination of water supplies 
through leakage. 

(5) Infection tlirough the domestic fly The fly 

conveys the bacilli from infective matter such as 
fasces to food substances in 3 wa ys . 1 . Mechani- 

cally, on various parts of its body such as the hairy 
legs, the proboscis, etc. 2. By regurgitating the 
already infected contents of its stomach on fresh 
human food. 3. By depositing dejecta containing 
the bacilli which have multiplied in and passed 
through its intestinal canal, on food material 
which may be kept exposed. This mode of 
infection played a very important part in the 
South African IVar. 

(6) The great factor now is considered to be the 

“ hwmn carrier” that is, persons w'ho have 
recovered from the disease and who may infect 
those with whom they or their excreta come in 
contact ; this infection may last for several 
years. 

There is little or no doubt that the ‘ carrier ’ commonly 
spreads the disease by means of his hands which infect 
food and drink. There is the greatest possible likelihood 
of soiling the fingers in the act of micturition, as far as males 
are concerned ; though urinary carriers are more often met 
with amongst members of the female than those of the male 
sex. Sunilarly, some degree of soiling of the fingers is a very 
lilcely accident after the act of defecation, and it is on account 
of these possibilities that certain preventive steps must be 
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taken as far as tlie individuals tliemseWes are concerned. For 
details about tbe subject of carriers. See p, 567. 

Foster as a result of investigation in 387 cases of 
Enteric Fever, gives tbe following figures : — 

30 per cent, due to infection from direct contagion, 
38 per cent, due to infection from dust, food or water, 
20 per cent, due to human carriers and tbe remaining 
12 per cent, due to causes wbicb could not be 
definitely determined. 

There is comparatively little direct evidence as to the 
incubation period of Typhoid Fever. This is partly accounted 
for by its not being infective in the sense or in the degree 
that Typhus and Scarlatina are infective. Then the attack 
commonly comes on so insidiously, that its nature is not readily 
recognised, and the rash is scanty and not very distinct. 
According to Quain’s Dictionary, the incubation is probably 
in most cases about twenty days. The range seems to be 
from one day to eleven weeks. It may be taken that the 
disease is wholly latent for about a fortnight ; then there is 
loss of appetite, furred tongue, headache, pain in the limbs 
chilliness and regular rise of temperature from day to day. 
The spots may begin to appear on the fourth or fifth day, 
but not usually till the seventh day of the fever, or later. 
It is thus usually three weeks after the infection before the 
disease can be recognised and notified. The fever lasts 
from twenty-one to thirty days. 

The regular chills, headache, and pains in the limbs may 
be absent, in which case diarrhoea will probably be the first 
symptom to attract attention. The signs of invasion in this 
disease are generally so indefinite that the patient often 
remains at his ordinary occupation for days after the temper- 
ature has begun to rise, and possibly does not consult a doctor 
45 
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till a week has elapsed. About this tiiDe the eruption 
begins to appear, and continues coming out for at least a week. 

During the third week the morning remissions of tempera- 
ture are more marked, showing that the patient is beginning 
to improve ; or less marked, indicating that the patient is 
sinking into a “ Typhoid state In the course of the fourth 
week and for a day and two after, if the patient is to recover 
aiifl escape sequel®, the temperature gradually falls to normal. 
If the jtatient continues well for a fortnight after deferves- 
cence, he may be discharged as there is no risk of his infecting 
otliers. Inh^ctiousness in Typhoid commences with the first 
symptom. 

A person who has been with a Typhoid patient may ordi- 
narily, but not certainly, be considered safe after three weeks 
quarantine. If the person has been strictly clean, lie has 
run little risk of being infected. 

In Typhoid Fever, as in Cholera, all matters which th^ 
patient discharges from the stomach or bowels are peculiarly 
infective and, where suitable local conditions exist, can 
o])erate at a considerable distance from the sick. The 
patient’s power of infection is ordinarily by means of these dis- 
charges, tainted food, air or drinking water : and precautionary 
measures shoukl, therefore, be directed at preventing such 
contamination. The discharge thrown away without previous 
disinfection into a drain, cesspool or midden infects the ex- 
cremeiital matters with which it mingles. The discharge 
also infects bedding, clothhig, towels, etc., which it soils 
and renders, if not efficiently disinfected, liable to spread 
the disease to places where tne infected articles are sent to 
wash. It follows that by leakage from a drain or cesspool, 
or by castout slops or washing water, infective material may 
get access to wells or other sources of drinlring water, and 
impart to enormous volumes of drinking water the power of 
propagating the disease. 
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When, therefore, a Health Officer is investigating an 
outbreak of Typhoid Fever he will bear in mind that the 
source of infection may be 

(1) A polluted water-supply. 

(2) Milk, directly polluted with discharges of the 

patient or to which specifically polluted water has 
been added for adulteration or for washing cans. 

(3) Other food, shell-fish, directly or indirectly polluted 

with discharge of the patient. House flies may 
convey the discharge to milk and food. 

(4) Clothes fouled with discharge of the patient. 

Such clothes may retain the infection for a long 
time— two or three months probably. 

(5) A previous case actmg as a carrier. 

It is just conceivable that the source of pollution may be 
portions of discharge dried and carried in the air as dust. In 
any case the iafeotion will not be conveyed far in this way. 
An imported Typhoid case will not serve as a source of 
infection if it is attended to in a proper and cleanly manner. 
However, to ensure this, initial cases should if possible be 
isolated in hospital, and great care should be taken in dis- 
infecting and cleansing infected clothing, bedding, etc., and 
premises. 

Disposal of carriers . — ^In the Army, the method of dealing 
with Enteric convalescents is as follows : — Examinations of 
urine and feeces are made on four successive days at intervals 
of a month. In the event of three of these monthly examina- 
tions proving negative, the individual is released from 
observation and all restrictions, though a final examination is 
made after a lapse of a further six months. If he is found to 
be a carrier after a period of observation (in England not 
exceeding three months), he is discharged from the service, 
unless he elects to remain in hospital for treatment. If 
discharged, notification is made to the Medical Officer of the 
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Ministry of Hcaltli and to the Medical Officer of Health for 
the district in which he intends to reside. 

Tn investigating into the cause of an outbreak of Enteric, 
tlie following points are to be considered life-history 
of the first case ; how long he had been living in the place 
where he was lirst attacked ; if he had been exposed to the 
disease within three weeks, and if other cases had occurred, 
milk, food and water-supply and possibilities of their being 
infected. 

In India the disease is so common and the movement of 
the jieople so constant and the distances so great, that much 
difficult}' is e.x]>crienced in tracing the origin of a case. 

As this disease, in its mode of access to the body and the 
way it is j)ropagated, so closely resembles Cholera, when 
Tyj)hoid Fever appears in a district or its neighbourhood, 
it might l)e well to issue a circular to house-holders, similar 
to the one recommended in case of Cholera. In districts 
where basket privies are used and in any district, where 
practicable, a covered pail to receive excreta should be left 
at every house where a Typhoid patient is being treated. 
The pail should be charged with a disinfectant, changed 
daily, and the contents cremated. 

Typhoid Fever, like epidemic Diarrhoea, is ordinarily most 
active dm-ing warm weather. As Spear remarked, in 
a report on an outbreak of Typhoid Fever at Pemberton, 
“ There is much ground for the belief that the Typhoid con- 
tagion may lie dormant in the soil for prolonged periods 
becoming again active during the heat of summer.” 

According to the report of a committee appointed by the 
Clinical Society of London to investigate the periods of 
incubation, &c., “ An epidemic due to milk contamination 
may be expected to cease at or about the end of the second 
week after the arrest of the contaminated supply ; but an 
epidemic due to the contamination of a public water-supply 
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may not come to an end until tlie end of tlie fonrtli week 
after tlie source of specific pollution lias been removed. 
Where an epidemic can be traced to well-water, its duration 
may be very much more prolonged and no general statement 
as to the probable date of the spontaneous termination can 
be made.” 

Eood, milk and water at railway stations or dak bun- 
galows, hotels and even private houses are so liable to 
contamination, that it is difficult to decide where the infection 
may have occurred. 

A person convalescent from the disease may sjiread it, 
unwittingly ; strictest precautions should therefore be taken in 
the same way as in the case of Cholera, and everything in 
the sick-room of an Enteric patient should be considered in- 
fectious. The nurses should not be allowed to attend other 
patients until after thoroughly disinfecting their clothes 
hands, &c. All bedding and clothing of an Enteric patient 
should be thoroughly disinfected, and so also all the utensils 
of the sick-room ; while the strictest precautions as to 
disinfection of stools should be taken as in the case of 
Cholera. 

Anti-Typhoid Inoculation. 

Anti-Typhoid inoculation is now largely practised with 
good results ; and has been brought to a high standard of 
efficiency in the British army. 

A weekly return is submitted showing the percentage of 
strength protected by T. A. B.-2 and T. A. B.-l methods 
and the number of inoculations performed during the week. 

Extract prom Army Order. 

Home Forge. 

Anti-Typhoid Inoculution. 

The preventive value of anti-Typhoid inoculation is now 
universally recognised ; it has enormously reduced the inci- 
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dencG of Typhoid Fever in the British, American and French 
armies and has been made compulsory in the two last named. 

It should be practicable, by seizing every opportunity 
to inoculate the whole or a large majority of each unit. If 
a unit is likely to be stationary for a short time, advantage 
might be taken of this, with the consent of the General Staff, to 
inoculate a certain number of men, e.g., a company or half a 
company, and in this way a whole regiment or other unit 
might be protected, without any serious interference with its 
dutif's. 

In the same way individual men, temporarily disabled by 
minor ailments or otherwise available, might be inoculated. 

Medical officers should lose no opportunity of introducing 
and caiTving through seme such system. 

Uoswr/c— Where time permits, the usual system of two 
doses, at an interval of 10 days, should be adhered to '{i.e. 

and 1 c.c.m. respectively), but if this is not possible a 
single dose of 1 c.c.m. (17 minims) will suffice. 

It has been found by experiment that, after the single 
dose, about 60 per cent, of the men were fit for duty after 
36 hours, about 90 per cent, of the men were fit for duty 
after 48 hours, and that 2.5 per cent., might still be unfit 
for hard work on the third day. 

Simple surgical asepsis should be observed as to the syTinge 
and needles and the ami prepared by a dab of iodine solution. 

Should Typhoid make its appearance in a unit, special 
efforts should he made to inoculate all exposed to infection. 
Inoculation does not, in the opinion of Colonel Sir William 
Lei.shman, cause any increased susceptibility to infection, 
and any one inoculated in the incubation stage will probably 
have but a mild attack. 
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System of Record. 

A record of inoculations is to be made on the top of the 
inside right-hand cover of A. B. 64 (Soldier’s Pay Book) 
as follows 

T.A.B.-2 or T.A.B.-l, with the initials of the Medical 
officer and the date or dates on which the inoculations were 
given. 

T.A.B.-2 will indicate that the two-dose ” system has 
been followed, and T.A.B.-l that the individual has only 
one dose of 1 c.c.m. of Anti-Typhoid vaccine. 

Summary.— hi the presence of an epidemic of Enteric, the 
disease is spread by infected food, milk or water, shell-fish 
&c., dust or human “ carrier,” infected hands or clothes, and 
conveyed by flies from infected latrines or trenching grounds. 

The patient should be isolated, everything in contact 
with him disinfected, all milk and water boiled, and all food 
well cooked. 

The house and food should be protected from flies, and 
any convalescent patient watched, the stools examined 
bacteriologically from time to time and disinfected ; special 
attention should be paid to the conservancy arrangements, 
and all horse and cattle litter burnt or buried ; the sewage 
from the village or cantonment should not discharge into 
a river, or near a- water-supply. For instructions for 
disinfection see p. 960. 

Prophylactic measures against the spread of Typhoid 
fever may be based on the following lines : — 

A. Control of Epidemics 

(1) Water supplies : These must be protected from 
infection and thoroughly supervisd wherever possible ; indi- 
vidual small supplies may be disinfected with Potassium 
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Permanfjanate. All drinking water should be boiled and no 
vessels wliioli have not been previously washed with boiled 
water should be used. 

(2) Xo food which has not been thoroughly cooked 
should be eaten. Milk should be thoroughly boiled before 
use. All food and drinks should be kept in fly proof cages 
or cupboards. 

(3) Measures should be taken to prevent fly breeding 
and to destroy flies. 

(4) Typhoid Carriers: A diligent search should be 
made for them and all Tj^phoid carriers should be prevented 
from taking any part in the preparation, or handling of food 
and drinks. 

(5) Anti-typhoid inoculation This will not justify 
any laxity in the other measures advocated. It is specially 
indicated in oases of large masses of people subject to rapid 
variation in the conditions of life, as pilgrims, an army on 
the march, etc. 

B. Prevention of direct infection from patient : — 

(1) Stools, urine, and sputum should be received in 
disinfectants and kept for 2 hours before final disposal. The 
urinals and bed pans should be thoroughly disinfected. 

(2) Feeding Vessels A separate set should be main- 
tained for the patient and this should be sterilized at frequent 
intervals. 

(3) Linen Should be soaked in 1-20 carbolic solution 
for 2 hours and boiled. 

(4) Attendants should wash their hands very care- 
fully after contact with the patient, special care being taken 
in this before taking food. Attendants on typhoid patients 
should take no part in the preparation or handling of food 
meant for others. 
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(5) Isolation of the patient in a hospital if possible or 
at the home under the supervison of a trained, competent 
nurse. 

Yellow Fever. 

A specific, usually very fatal, febrile disease occurring 
endemically or epidemically over a limited area of the Earth. 

The chief endemic centres are the islands and coast of the 
Grulf of Mexico and the west coast of Africa. 

Its centre is the West Indies, whence it spreads north 
to the United States and Mexico ; south to Brazil. On the 
west it is seen on the Pacific Coast from the Gulf of California 
on the north to Peru on the south. 

It has been seen in Spain, Portugal, Italy, France and 
Great Britain but has never succeeded in becoming firmly 
established. 

Etiology of Yellow Fever. 

The cause is unlmown other than the fact that it is a 
filterable virus which passes through the Chamberland F. 
bougie but not through the B. bougie. 

This virus is contained in the peripheral blood of the 
patient only during the first 3 days of the disease. 

Experiments have shown that this virus is destroyed at a 
temperature of 56 ® C. 

If blood from a patient (in the first three days of illness) be 
injected into a healthy nou-immune individual, the disease 
is reproduced in most instances, within the recognised limits 
of the incubation period, which may be taken as being usually 
3—5 days with perhaps an extreme limit of 1-|' to 13 days. 

Further, blood from a patient infected by injection of blood 
from another patient on being injected into another non- 
immune will again reproduce the disease. Many attempts 
have been made to discover the germ of Yellow Fever and 
many organisms have been described. Up to the present 
it has not been satisfactorily identified. 
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Method of Spread op the Disease. 

For long the idea tliat Yellow Fever was transmitted by 
foinites prevailed. Experiments conducted by the American 
Commission showed that non-immunes could sleep and live 
in intimate contact with infected material, e.ff., black vomit, 
infected clothes, sheets and blankets, and yet not contract the 
disease. 

It is now known that the disease is conveyed by a mosquito 
11 le Aides (Stegomyia fasciata). Further, only those 

mosquitoes which, have fed during the first three days of the 
fever are infective and they only become so after 12 days 
have elapsed since feeding on the Yelbw Fever patient’s 
blood. Before the expiry of this period, they are incapable 
of transmitting the disease. 

The mosquito retains its infective power as long as it 
lives. 

The French Commission verified the findings of the 
American one and in addition reported that— 

(а) The infected blood will not reproduce the disease in a non- 

immune if merely laid on a raw blistered surface ; it must be 
injected subcutaneously. 

(б) Infectious serum if heated for 6 minutes at 55° C. loses its 

virulence but has prophylactic power. 

(c) Infections serum loses its Yellow Fever producing power in 

48 hours unless preserved under liquid petroleum, when it 
remains virulent for 6 days. 

(d) Besides the method of hypodermic inoculation, Yellow Fever 

can only be transmitted by the bite of a mosquito in which the 
virus has lived for at least 12 days. 

Owing to the very important part played by the A5des 
^gypti in the spread of this disease, it is desirable to give 
a few details of this mosquito. 



Lsrvs 0? Jiy)>reni S?0ses 


No. 12 . 

This shows eggs, larvce, pup® and adult Stegomym fasciata. 

(TInstitute Pasteur de Paris.) 

This species is widely distributed in the tropical and sub-tropical world 
extending from 38° N. to 38° S. latitude. (Bombay, roughly, 190 N.) It 
is rarely found at a greater altitude than 3,000 feet. 

Stegomyia is essentially a domestic mosquito. It seeks the central 
and more crowded parts of the city. It is indeed a cistern-breeding 
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mosquito and is often known, on this account as the cistern mosquito. It is 
found in abundance in those places where rain water is collected and stored. 

The mosquito is readily recognised by the white bands upon the legs 
and abdomen and the lyre-shaped pattern in white on the back of the 
thorax. It is called the tiger mosquito. Only the females suck blood 
and they appear to attack man both during the day and at night, though 
perhaps they are more active between 5 p.m. and midnight. 

Chief Bbeeding Places. 

Old tin cans, roof gutters, cisterns and various water utensils frequently 
seen in and near houses, e.g,, rain water barrels, buckets, flower vases 
anti-formicas, broken bottles, empty jam-jars, wells, etc., etc. 

Each female lays between twenty and seventy-five eggs on the surface 
of water ; these are minute, black and cigar-shaped ; they are very resis- 
tant, and have been kept in a dry state for periods varying between 10 and 
20 days ; fntezing does nob destroy their fertility. 

Uufhir suitable conditions of temjjcrature, the eggs hatch out in from 
10 liourri to :i days. Tlie result is the well-known “ wiggle waggle ” or 
‘ wiggle tails,” the larval stage of the ino.squito. The larvm are very 
active and sensitive, and ra))idly disappear from the surface of water in 
the cistern if the least disturbance occurs. 

For this reason, the water barrel or vat must be approached gently if 
one is desirous of obtaining specimens and examining them, otherwise they 
wiggle very rapidly to the bottom. Another point has also to be borne 
in mind, and that is that they cling to the sides of the receptacles and hide 
in the crevices, so that it is by no means easy to get rid of them. Simply 
emptying the water out of the receptacle will not suffice; a very thorough 
rinsing and cleansing is necessary. 

The duration of the larval period is from 6 to 8 days normally; but 
they may remain in the larval stage for a much longer period. Sir Eubert 
Boyce brought some si)ccimens alive from New Orleans to Liverpool, a 
journey occupying twenty-six days. 

The pupal stage lasts two days or less. 

Larvas are always found in artificial water containers. The eggs may 
retain their vitality when kept dry for six and a half months. In searching 
for Stegomyia larvae, the rain-water barrel is generally found to be the 
seat of election for breeding purposes. Given an old wooden barrel, just 
coated with a green slime, and “ worms ” will almost invariably be found ; 
men acciustomed to this work frequently afiirm that worms must be in a 
barrel from its appearance. Yet a cursory examination of the water 
may fail to reveal their presence. When, however, the water is poured 
out all but a teacupful at the bottom, and this is well agitated, invariably 
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the larvaj are found. This habit of disappearing to the bottom of 
the receptacle and hiding in the chinks between the staves, and in the 
groove at the bottom is very characteristic. 

They have been found in the blacksmith’s shop in his cooling tank and 
also have been found in logs. 

In living rooms and bed rooms they are frequently found in receptacle 
for holding flowers from which the water is imperfectly removed. Also 
in large ornamental plant pots enclosing the smaller or actual plant pot. 

One does not encounter them breeding away from men : they are as 
domesticated as the flea and bug. 

In a few instances they have been found in house drains mixed with 
Culex larvae. 

Their natural food is green algae and diatopas. 

AntrnT Mosqpito. 

A black and white mosquito. 

The thorax is ornamented with a curved silvery lino on each side 
and two median parallel lines giving the characteristic lyre or few sharp 
pattern markings. The legs and abdomen are also banded, the hind tarsi are 
basally banded with white, the last tarsus being all white. 

The proboscis is unbanded. 

Egg-laying takes place chiefly at night. 

How TO DISTIKGTriSH THE STEGOMYni. LaEV^E 

They are longer than the larvae of Culex fatigans. 

Attitude , — Almost vertical. 

Head, — Small. 

Thorax , — Less conspicuous. 

AntenncE, — Small and spineless and have a single hair about the middle, 
whereas Culex fatigans has large branched hairs. 

Syphon tube, — ^Dark, short, stout and the syphonic index is 2. Worm- 
like wriggling is the mode of progression. 

Pecion spines . — ^Two rows on the posterior aspect of the syphon tube. 

Combs (scales) on the eighth segment at the base of the syphon. 


^ he following /able shows (he diJferetUial ehamr(i ristirs nf (In- eggs, hirnr nud adults 
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Stegomyia Survey. 

Tlie lioxise, garden and yard should be carefully examined for breeding 
places, noticing particularly all water for drinking or washing inside and 
outside the house. Cisterns, barrels, buckets, tins, jars, tubs, goblets, 
anti-formicas, bottles, rain-water gutters of roof, etc. should also bo 
examined. 

These mosquitoes are prone to remain in the same house 
•where they have been feeding. The French Commission 
succeeded in keeping a female alive for 106 days, but they 
consider that, under normal conditions, life is much shorter 
in duration than in captivity. ’ To lay eggs the mosquito 
must first have a feed of blood, and the eggs are deposited 
on the surface of the water after about 3 days. 

After the first egg-laying, the mosquito is believed to 
become more nocturnal in her feeding habits. 

The various experiments of the American and French 
Commissions explain — 

(a) The impmiity with which a Yellow Fever patient 

can be visited by a non-immune if outside the 
endemic area. 

(b) The danger of visiting the endemic area especially 

at night. 

(c) The discrepancy between the incubation period 

(3-5 days) of the disease and the incubation 
period of the epidemic which may follow (13-15 
days). This is due to the evolution which it is 
necessary for the germ to pass through in the 
mosquito. 

(d) The high atmospheric temxJeraturc required for the 

epidemic extension of Yellow Fever. For its 
development in epidemic form, the virus of yellow 
fever requires a mean atmospheric temperature 
of 75°F. The disease ceases to spread when the 
thermometer sinks below this point. 

(e) The clinging of Yellow Fever to ships, buildings, 

and certain areas (infected mosquitoes). 
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Prophylaxis. 

]. During epidemic visitations, non-immunes slionld, 
if possible, quit tke implicated zone. 

2. Slums and low-lying dLstricts of the towns should 
be avoided; these places should not even be visited, or 
if visit.s must be paid, they should be as brief as possible 
and then always before sunset. 

3. The susceptible persons should avoid sleeping in the 
lower stories of houses and pay great attention to their 
general health. 

4. Sailors must not be granted shore leave. Ships 
should not be allowed to clear from infected ports, nor to 
enter noii-infected ports during the w'arm season without 
ade{|uate inspection. 

If on entering port, Yellow Fever is found on board, the 
cases should be isolated in a quarantine hospital (where, 
if possible, there should be no Stegomyia mosquitoes), the 
ship thoroughly cleared of mosquitoes, and the passengers 
and crew segregated for at least 5, preferably 13 days. 

5. In the event of Yellow Fever occurring in a locality 
which is not a Yellow Fever centre, and of which the popula- 
tion is small, a good plan is to remove every one except 
those in attendance on the sick and those who have had 
the disease previously, and place the deported population in 
quarantine for 13 days and in the meantime an extensive 
anti-mosqnito camj)aign must be carried out. 

6. It is of the utmost importance that there should be 
immediate notification of the first case, which must be 
followed by immediate isolation and screening of the patient 
by means of a mosquito-proof ward and bed curtains ; if 
this is carried out at a very early stage, the risk of the disease 
spreading is much lessened ; but it must be remembered that 
everything depends on promptitude. 
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7. Anti-Stegomyia Measures— 

(а) All unused receptacles of water must be emptied 

and no stagnant water allowed on tlie premises. 

(б) All cisterns should be covered. 

(c) Cesspools or privy vaults should be regularly treated 

with kerosine oil or with pesterine. 

(d) The most thorough and careful search should be 

made for likely breeding places, (q.v.) 

(e) Sleep under a mosquito net. 

(/) Where possible doors and windows should be screened 
with fine mesh wire gauze. The hospital in 
which patients are treated should be so dealt with. 

(g) Educate the public as to the mode of spread, ‘and the 
breeding places of the carriers of this disease, by 
lectures, leaflets and placards and invite their 
co-operation. 

Exterminating- the Mosquito. 

Sealing and fumigation — 

Preparation for fumigation should be started with screen- 
ing. The entire house must be fumigated. The rooms .should 
be sealed from the inside with strips of paper. Stout paper 
may be used for covering large openings. Paper cut in rolls 
3 inches wide is exceedingly useful for pasting along the 
cracks. Windows may be sealed from the outside in order 
not to disturb mosquitoes which may be present. The 
doorway is left open till the last to introduce the fumigating 
materials and to light up ; when this has been done, the door 
is sealed and the time noted in a book kept for the purpose. 
The responsible officer should personally examine to see that 
the sealing is carried out effectively. A small open chink 
admitting light is sufficient to attract mosquitoes to it ; then 
they make their escape. HhUs, water-closets or out-houses 
must not be forgotten. After the allotted time necessary 
to complete the fumigation thoroughly, the doors are 
46 
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opened, and tlie floors swej)t. Some of the mosquitoes may- 
only be stupefied, and it is necessary that they be all burnt 
or otherwise destroyed. 

After the patient is convalescent, or after death, the 
patient's room should be fumigated. 

The rooms should be carefully measured and materials 
proportioned to cubic capacities as under ; small closets and 
ward-robes should be opened (Eubert Boyce) 

(1) JPyreihrum Powder.— Thxce, lbs, to 1,000 cubic feet 

applied for 3 hours ; it is better that the 3 lbs. be 
divided among 3 pots than that all the powder 
be put in one pot. The pots to be placed in pans 
containing a little water, Pyrethrum powder is 
used for rooms close to the sick patient, as the 
fumes which might escape from sulphur fumigation 
are irritating. 

Pyrethrum powder is also used in cases where brass- 
work, pianos, telephone instruments, etc., are present. 

(2) Sulphur. — 2 lbs. to 1,000 cubic feet. The pots con- 

taining the sulphur are to be placed m pans 
holding some water. The burning of sulphur is 
to be started by alcohol, and care must be taken 
to see that it is well alight. Duration — three 
hours. Brass-work instruments and paintings are 
liable to injury; they should therefore be removed, 

(3) Camphor and carholic acid. — The mixture consists 

of equal parts of camphor and crystallised carbolic 
acid dissolved by gentle heat. It is an exceedingly 
good fumigator, does not injure furniture, clothes 
or brass-work, the odour is pleasant and smells of 
camphor. A room has a refreshing smell after 
its use. Four ounces are vaporised per 1,000 
cubic feet for two hours ; the material is placed 
iu an open pan placed over a spirit or petroleum 
lamp ; white vapour is given ofi. 
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It is most important that the houses in the vicinity of 
an infected house should also be fumigated at once. 

The Government of India appointed a committee 
in 1919 to consider the question of preventive measures 
against the importation of Yellow Fever into India and the 
following are the recommendations of that committee : — 

The Committee believes that at the present time yellow fever does 
not exist in India. Certain fevers, however, sometimes associated with 
jaundice and closely resembling yellow fever such as malaria, relapsing 
fever, and icterohsemorrhagic jaundice have been reported on a number 
of occasions in India ; it is desirable, therefore, that the cause and natoe 
of these fevers should be carefully investigated whenever and wherever 
they occur with the object of differentiating them from yellow fever. 

2. The prevalence of the mosquito S. faseiata, which transmits the 
yellow fever virus, and the existence of a susceptible population in the 
chief seaports of India, indicate that this introduction of the disease might 
be followed by sudden virulent epidemics. Such epidemics would be 
very difficult to control, would cause great embarrassment to coastal 
trade and maritime intercourse with foreign countries and would seriously 
interfere with recruitment and military movements at times of national 
emergency. 

3. S. faseiata is present in India as in almost all maritime regions 
situated within the parallel 40® N. and 40° S. and all ports within such 
limits must be regarded in the present state of our knowledge as liable in 
varying degree to introduction of the disease and its dissemination. The 
degree of risk depends for the most part on the distribution of the disease 
at any selected time and on the sanitary condition of the threatened area 
especially with regard to the prevalence of the mosquito, stegomyia faseiata. 
At the present time the danger is greatest in — 

(а) such ports on the American seaboard (including the Amazon! 
lying between the parallels of approxiinately 22® hT. and 22° S. 
as are not subject to effective sanitary control of the disease ; 

(б) ports on the West African coast from 15° N. to 15° S. 

4. The danger to India at the present time is remote, but the risk will 
be increased pari passu with the extension of the disease to ports nearer 
India. 

5. (a) The protection of India from the introduction of dangerous 
epidemic diseases depends primarily on a system of early notification of 
the outbreak of such diseases in ports which are in maritime relation with 
India. Such notification from ports in Asia, Australasia and Africa should 
be telegraphic, and the Committee recommends that this system be 
adopted as soon as possible. 
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{h) A central public health bureau in India to collect and collate 
information regaining the preTalenee oi dangerous epidemic diseases in 
countri(;s (rutside India and to disseminate this information to all public 
healtb authorities in India is very necessary. 

(i. In view of the danger to India that would result from the extension 
of infei’tion from the existing endemic areas in W. Africa to the ports on 
the cast (.'oast of Africa and of the increased likelihood of this on the com- 
pletion of the transcontinental railway, the Committee considers that 
systematic efforts to stamp out yellow fever from the endemic areas in W. 
Africa would materially reduce the risk of infection reaching India. 

7. As the safety of India depends largely on the freedom from yellow 
fever of ports intermediate between India and the endemic areas, it is 
desirable that the Governments of countries threatened by the possible 
extension of infection should come to a general agreement as to measures, 
particularly anti-stegomyia operations, which are necessary to render their 
ports free from the possibility of the establishment of the disease. Turther, 
in addition to the establishment of an adequate system of inter-notifica- 
tion of dangerous epidemic diseases, it is desirable that information should 
he exchanged in regard to the actual sanitary condition of all ports (includ- 
ing sliiiqiing) with which India is in maritime relation, and of the progress 
made from time to time. 

8. The Committee has passed unanimously the attached port health 
regulations, in the drawing uji of which it hasl)een guided by the provisions 
of the Paris Sanitary Convention of 1912. The main departure from the 
Convention consists in the addition of the words “ or if it has lain at an 
infected port within 18 days of arrival ” to the definition of a suspected 
ves.sel 

In the light of existing knowledge it is not possible to lay down the 
exact period of time during which a ship exposed to invasion by infected 
mosquitoes must he considered to he a source of danger. Pending more 
complete enquiry the Committee does not consider it advisable to make 
this less than the eighteen days generally recognised as necessary to detect 
cases arising from infected mosquitoes that may be taken on board at an 
infec-teil ])ort. This brings the modified regulation into line with the 
definition of the Paris Convention that a place .shall not be declared free 
from yellow fever for 18 clays after isolation, death or recovery of the last 
case of yellow' fever. 

9. The Committee is of opinion that the existing arrangements in the 
main ports of India arc wholly inadequate to prevent the introduction of 
dangerous epidemic diseases, and considers that at each of the important 
ports of ocean call a sanitary station should be established providing 
facilities for — 

(а) moorings for infected or suspected ships ; 

(б) the isolation of the sick and observation of persons w'ho do not 

receive pratique ; 

(c) fumigation and disinfection. 
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As article 42 of the Paris Convention lays down that “ every country 
must provide at least one port on each of its seaboards” with such 
facilities, the Comnaittee recommends that in accordance with this article, 
the minimum immediate requirements of India necessitate the establish- 
ment of such fully equipped stations at Bombay, Calcutta and E^angoon. 
The Committee thinks that consideration should be given at once to the 
possibility of increasing the number of ports so equipped. If it should 
be found impracticable to equip fully and at once a larger number of ports 
than specified, it is still desirable that less elaborate schemes should be 
formulated and that those schemes should be so planned as to be capable 
of ultimate expansion. Having regard to the facts that with a voyage of 
18 days’ duration ships may enter the ports of India from a considerable 
portion of the eastern hemisphere, and that it is by no means impossible 
that some port or ports in this area, and on the East African coast in 
imrticular, may at any time be notified as infected, it is essential that the 
possibility of all Indian ports being ultimately called upon to deal with 
yellow fever infected ships should be borne in mind. 

10. The Committee is of opinion that no possible advantage is to be 
gained from the establishment of sanitary stations on islands distant from 
the ports they have, to serve. Moreover, stations of this kind would prove 
to be most unsuitable because (a) few islands can be found which are so 
situated as to be free from danger to shipping during the cyclone season } 

(b) the enforcement of the regulations would necessitate the detention of 
the ship for at least seven days which would seriously interfere with trade ; 

(c) any measures short of observation for the full period would involve 
the risk of cases developing during the voyage between the island 
station and the poi-t of destination and render necessary a second 
station at the port of destination or a return for further treatment at 
the island station. 

11. (a) In recommending sites for sanitary stations, the Committee 
has given consideration to — 

(1) possible interference with navigation of vessels ; 

(2) convenience of access so that there is the minimum delay to 

shipping and inconvenience to passengers ; 

(3) the safety of the seaport town from infection from the sanitary 

station ; 

(4.) the conditions and surroundings of the site itself so far as they 
affect the health of the inmates. 

These points limit selection, and the Committee finds that there is 
but one site in each of the three specified poids which satisfic.s all require- 
ments — Butcher Island inihe case nf Bombay ; the Kajabaria .site in Calcutta ; 
and the present segregation camp in Rangoon — and strongly recommends 
the acquirement of these three site.s for the establishment of sanitary 
stations. 
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(b) Butcher Island is at present occupied by a wireless station and an 
ammunitirm depot. The Committee considers that, although immediate 
removal is not essential, arrangements for their removal at the earliest 
jtossible time is desirable. 

Comparatively small alterations and repair of the existing buildings 
would fit the island for early use as a sanitary station, provided plans are 
completed for the rapid extension of accommodation should this appear 
likely to be necessary and measures are taken to reduce stegomyia infesta- 
tion to a minimum. The Committee considers that the details should 
he worked out locally. 

(c) Th^ selection of the Bajaharia site for a sanitary station capable of 
dealing with yellow fever infected ships, is, in the opinion of the Committee, 
contingent on the acquirement in the first instance of sufficient land. The 
Committee recommends that the whole river frontage between the Indo- 
General dockyard and the South Union Jute Mill to a depth of about 
440 yards bo acquired. Extensive clearing of the land is necessary with a 
view to the carrying out of measures for keeping the area as free from the 
stegomyia mosquito as is possible. Plans for the necessary building are 
being prepared locally and should be completed as early as possible. 

(d) The site on which the segregation camp near Eangoon now stands 
is low -lying and unsuitable for buildings. The Committee considers that 
reclamation is necessary, and that the area to be acquired and reclaimed 
should extend from the match factory to the telegraph hut, and to an 
average depth of 600 yards from the river frontage. The whole of this 
area would not he required for the buildings in connection with the sanitary 
station, but the Committee is of opinion that it is advisable to acquire 
and reclaim sufficient land to secure an area free from buildings around 
the sanitary station and to insure its freedom from mosquitoes, 

(e) The Committee considered in detail alternative sites for all three 
porta. In Calcutta owing to difficulties connected with navigation, there 
is no alternative site which can be utilized for a sanitary station intended 
for all epidemic diseases, including yellow fever. In Bombay there is one 
alternative site, a portion of Hog Island, but the selection of this would 
lead to inconvenience to passengers and delay to the shipping, and there 
is also a possibility that malaria might become a serious factor. In Rangoon 
a good site could be secured at Elephant Point for dealing with yellow 
fever ships only ; but the treatment of vessels infected with other diseases 
at this site would involve grave inconvenience to shipping, while the 
absence of good communication with Rangoon by road or rail presents a 
serious difficulty which could only be met by heavy expenditure. 

12. The Committee considers that the expenditure involved in fitting 
up a sanitary station will be materiaUy reduced if arrangement be made 
with the sanitary authority concerned for the admission of persons suffering 
from epidemic diseases into the infectious diseases hospital maintained by 
that authority. The Committee is, however, of opinion that each 
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important sanitary station should include a protected building providing 
accommodation for four yellow fever patients, and a separate protected 
building for the observation of ten yellow fever suspects. 

13. The previous resolutions have been drawn up after consideration 
of the suggestion to accommodate yellow fever cases, suspects and contacts 
in specially fitted up hulks. The Committee is of opinion that a land site 
is infinitely preferable, because the accommodation on a hulk is limited by 
the capacity of the' hulk and is incapable of expansion at short notice to 
meet a sudden demand. Moreover, the expense in maintaining these hulks 
will be considerable and it is conceivable that they may be under repairs 
when an emergency arises. 

14. In view of the possibility of Government deciding that sanitary 
stations should be established in the near future in connection with the 
ports of Madras and Karachi, the Committee recommends that the land 
sites necessary for these stations be acquired now. The Committee does 
not feel justified with the information at its disposal in making a definite 
selection, but it appears that in the case of Madras the selection will be 
limited to ground between Tiruvuttyur and Ennur. 

16. (a) In addition to these five main ports there are on the coast 
line of India some 196 ports, 104 of which are in the Madras Presidency 
and 76 in the Bombay Presidency. In the case of some of these ports 
vessels, the majority of which appear to be sailing ships, trade with ports 
in the Straits Settlements and in East Africa. The Committee recommends 
that a sanitary survey of these ports, including accurate information 
relating to the trade relations of each and mosquito infestation be made 
at an early date. It will then be possible to decide to what extent these 
ports contribute to the risk of the introduction of dangerous epidemic 
diseases, especially yellow fever, to India,, and what measures are necessary 
to meet such danger. 

(6) The Committee also considers it desirable that the whole question 
of coastal traffic by ship between various Indian porta and estuaries 
requires careful investigation with a view to devising means for checking 
the possibility of the spread of dangerous epiderqic disease. 

16. The Committee is of opinion that the most effective method of 
protecting the ports of India from yellow fever is to keep them as free as 
possible from stegomyia mosquitoes, and that it is unde^able to separate 
the work required for the reduction of stegomyia from that of mosquito 
reduction generally. Mosquito control can only be carried out by a properly 
directed organisation working under a legally constituted sanitary 
authority. The Committee, therefore, recommends that Government 
legislates — 

(1) to appoint a sanitary authority for each port ; 

(2) to establish a properly directed organisation for the control of 

mosquitoes in each of the larger sea port towns ; 
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(3) to provide for contributions from Government revenues towards 

the cost of these schemes ; 

(4) to secui'e the efficient carrying out of these schemes in the event 

of failure on the part of any local authority. 

The Committee recommends that Government require each local 
authority in the seaports to prepare schemes for the control of mosquitoes. 
For the sake of efficiency as well as economy it is desirable that adjoining 
local authorities should prepare a conjoint scheme. An essential feature 
in the success of a scheme is the appointment of a special officer for 
the control of the operations. When the scheme has been approved by 
Government, the local authorities will be eligible for the financial assistance 
provided by legislation. With a view to meeting technical difficulties 
which arise in the execution of these schemes and for guidance in carrying 
them out, it is very desirable that the services of the experts attached to 
the Central Bureau of tlie Central Eesearch Institute should be placed freely 
at the disposal of the sanitary authorities. These officers should have 
power to inspect the anti-mosquito work carried on in the ports and port 
towns and will thus be in a position to advise Government on the progress 
and efficiency of the work. Should it become evident to Government that 
their contribution to any scheme is not being spent to the best advantage 
it shall be open to Government to assume control of the operations, the 
defaulting local authority still continuing to pay its share of the 
expenditure. 

17. The Committee desires to endorse the opinion expressed in para- 
graph 22 of the Report of the Committee to consider Port Sanitary Adminis- 
tration in England, and to state emphatically that in the reduction of the 
infestation of vessels with rats reliance should be placed primarily on — 

(a) properly organized rat campaigns on land ; 

(b) periodic fumigation of vessels with holds empty. 

The Committee recommends that every vessel trading between India 
and European, American and Australasian ports be fumigated when the 
holds arc empty once on every round voyage. It understands that some 
shipping companies .at the present time have made arrangements for this 
procedure. 

18. In connection with the fumigation of skips, and with special 
reference to the possible fumigation of ships with holds full for destruction 
of mosquitoes, the Committee points out that at the present time the only 
available machine is the Clayton apparatus for sulphurous acid gas, which 
cannot be used without damage to certain cargo. The Committee has 
read the note on fumigation w’ith hydro-cyanic gas written by Lieutenant 
Colonel Glen Li.ston, C.I.E., but, pending the result of further experiments 
cannot e.xpi-ess a definite opinion with regard to the general adoption of 
this method of fumigation. Whatever gas is used in the future for the 
fumigation of ships, the Committee wishes to lay emphasis on the necessity 
for greater attention being paid to the through ventilation of all holds. 
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Without through ventilation of the cargo it is impossible to fumigate 
efficiently a loaded ship, A note hy Colonel Glen Liston on the ventilation 
of ships is attached. 

19. (a) In resolution No. 15, the Committee has called attention to 
the number of coastal towns in India defined as ports in the schedule 
attached to the Indian Ports Act of 1908 and to the fact that some of these 
ports have trade relations by sea-going vessels with ports in the Straits 
Settlements and East Africa. Should these latter ports become infected 
with yellow fever in the future, the danger of unprotected ports on the 
coast of India in maritime relation with them does not need elaboration. 
It is clearly impracticable to provide sanitary stations at all these ports 
and the Committee is of opinion that Government should have the power 
to declare fully equipped ports as first ports of entry for vessels infected 
with dangerous epidemic disease. The Committee suggests legislation on 
the lines of the following sections of the Quarantine Act of the 
Commonwealth of Australia : 

Section 13 (1). — The Governor General may, by proclamation, 

(а) declare any ports in Australia to be first ports of entry for oversea 
vessels. 

Section 13 (1-A). — ^The power to declare first ports of entry shall 
extend to authorise the declaration of a port to be a first port of entry for 
all oversea vessels from any particular place or for any class of oversea 
vessels. 

Section 20. — The master of an oversea vessel arriving in Australia 
shall not, unless from stress of weather or other reasonable cause, sufier the 
vessel to enter any port other than a port declared to be a first port of 
entry. 

Penalty . — Eive hundred pounds. 

Section 77. — A pilot shall not, unless compelled by stress of weather or 
other reasonable cause, conduct a vessel subject to quarantine into any 
place other than the proper place for a vessel so subject. 

Penalty . — Eifty pounds. 

Section 78. — The master of an oversea vessel who, knowing that any 
quarantinable disease exists on his vessel, suffers his vessel to enter a port 
other than a port declared to be a first port of entry, shall be guilty of an 
indictable offence, unless he proves that it was necessary for the vessel to 
enter the port for the purpose of saving human life. 

Penalty . — ^Three years’ imprisonment. 

(б) Captain Eroilano de Mello suggests that Eoreign Governments 
possessing ports in India, which are not provided with sanitary stations 
equipped for the reception of patients suffering from yellow fever, should 
be asked to make special arrangements whereby vessels suspected to be 
infected with yellow fever and bound for one of these ports should be 
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forced to call at a port posaessing an efficiently equipped sanitary station 
where it would be dealt with, before proceeding to its original port of 
destination. 

20. The Committee feels strongly that the defence of India from the 
introduction of dangerous epidemic diseases depends primarily on the 
sanitary aurx’eillance exercised over vessels during their stay in infected 
ports with which India is in maritime relation, and that if absolute 
confirlence could be placed on the efficiency of this surveillance, and on 
skilled and reliable medical supervision throughout the voyage there could 
be considerable relaxation of the measures to be employed on the ship’s 
arrival. 

Bills of Health are designed to supply information relating to the 
sanitary condition of the port and of the vessel on departure but these 
Bills vary in form and in value. The Quarantine Act of the United State 
of 1893 authorises the President “to detail any medical officer of the 
Government to serve in the office of the consul at any foreign port for the 
purpose of furnishing information and making the inspection and giving 
the Bill of Health.” The Paris Convention resolved that “ the Governments 
should confer together with a view to regulate Bills of Health.” Should 
such a system of mutual trust and assistance between nations be impossible 
it should be feasible within the British Empire. Failing such arrangement 
the Committee recommends that should yellow fever appear within 
eighteen days’ sail of India, the action taken by the United States Govern- 
ment under the Quarantine Act of 1893 should be followed by the 
Government of India. 

21. The Committee supports the suggestion of the Government of 
Bombay that section 6 of the Indian Ports Act should be amended so as to 
permit of the inspection of vessels and the taking of measures whereby the 
breeding of mosquitoes shall be prevented. 

Eegulations. 

A vessel shall be regarded m infected if there is yellow fever on board, or 
if there ha.s been a case on board within seven days of arrival. 

A vessel shall be regarded as suspected if there has been a case of yelloio 
fever on board at the time of departure or during the voyage, but no fresh 
cases within seven days, or if it has lain at a port infected with yellow fever 
within 18 days of arrival. 

A vessel shall be regarded as heaUhy if there has been no case either at 
the time of departure or during a voyage which has lasted at least 18 days 
and which has not touched at an infected port within 18 days of arrival. 

1. There shall be medical inspection of every vessel which has started 
from or during the roj^age called at a port infected with yellow fever. 

2, In the case of infected vessels the following measures shall be taken ;~ 
(a) The sick shall be disembarked under protection from the bites of 

mosquitoes, and shall be efficiently isolated. 
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(6) There shall be a visual and thermometer inspection of all other 
persons on board, and any person exhibiting a rise of tem- 
perature above 99 • 4° E. shall be treated as under (a). 

(c) The remaining persons shall be disembarked and kept under 

observation during a period which shall not exceed six days 
from the time of arrival. 

(d) The vessel shall be moored at least 220 j^ards from the shore, and 

from other vessels and harbour boats. 

(e) The vessel shall be fumigated for the destruction of mosquitoes 

before the discharge of cargo, if possible. If a fumigation 
be not possible before the discharge of the cargo, the 
discharge of cargo shall be under the supervision of the 
Port Health Officer, and may be permitted if the persons 
employed in unloading are kept under observation during 
the discharging of cargo and for six days to date from the 
last day of exposure on board. 

3. A suspected vessel shall undergo the measures laid down under 2 
(d) and (e) before the granting of pratique provided that in the case of a 
vessel which, in the opinion of the Port Health Officer, has been efficiently 
fumigated at the time of departure from the infected port or subsequently, 
further fumigation on arrival shall be unnecessary. 

2(c) Shall be applied in the case of all vessels which have been less 
than 18 days on the voyage provided that the period of detention of 
passengers and crew does not extend beyond the 18th day after departure 
from the infected port, and is subject to a maximum of six days under 
observation and provided that, if the vessel has been efficiently fumigated 
since last leaving an infected port, the period of observation shall count 
from date of fumigation. 

4. A healthy vessel shall be granted full pratique subsequent to 
medical inspection. 

A Note on the EuMiGATioir os Ships. 

There are two important matters with which everyone who has to deal 
with the fumigation of ships must be familiar — (1) the division of ships into 
bulkhead compartments and (2) the ventilation of ships. 

Bulkheads. — ^The term bulkhead is used indifferently for all vertical 
partitions in a ship. Bulkheads serve three useful purposes : — 

(1) They serve as watertight divisions. 

(2) They serve as fire screens. 

(3) They serve as structural diaphragms. 

Bulkheads must extend well above the sea level. Lloyds rule 
regarding bulkheads may be summed up as follows : — 

Steamers under 220 feet in length require only a collision and after 
peak bulkhead the machinery apace which is always enclosed between 
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bulkheads giving four or three according as the machinery is amidships or 
at the stern. 

A steamer more than 220 feet long must have at least four bulkheads, 
steamer 285 feet long and under 335 feet must have five bulkheads. 

A steamer 335 feet long and under 405 feet must have six bulkheads. 

A steamer 405 feet long and under 470 feet must have seven bulkheads. 

A steamer 470 feet long and under 540 feet must have eight bulkheads. 

A steamer 540 feet long and under 610 feet must have nine bulkheads. 

A steamer 610 feet long and under 680 feet must have ten bulkheads. 

The .Bulkhead Committee of 1912 have decided that no compartment 
in any ve.ssel should he longer than 92 feet and that none should be shorter 
than 10 feet except the fore-peak in. vessels shorter than 200 feet. As 
regards the sub-division of vessels to prevent the spread of fire the Inter- 
national Convention for the safety of fire at sea requires that in passenger 
ves.sels the hull above the bulkhead deck shall be divided by fire-jiroof 
bulkheads plaeed not further apart than 131 feet and that all openings in 
these bulkheads shall be provided -vrith fire-proof doors. 

As a general rule the watertight bulkheads cut off entirely the 
adjoining compartments so that to pass from one to another a man must 
go on dock and descend the hatchways. A direct communication may be 
established by fitting watertight doors in bulkheads. These doors can 
always be effectively closed. All ships, therefore, can be fumigated in 
section which are not generally longer than 100 feet.’ 

Ven(ihiion.~The arrangements for ventilating the different compart- 
ments of a vessel vary greatly. In high class vessels elaborate ventilating 
arrangements may be made, but in other vessels the arrangements may be 
quite elementary, Many cargoes are of such a nature as not to be affected 
by or themselves affect the condition of the air surrounding them and in 
such cases whether or not the holds are ventilated does not matter. 
Delicate cargoes, however, such as grain and fruit, which are apt to de- 
compose, require a constant supply of fresh air for their preservation, 
particularly if they are to be long confined in the hold. 

In cargo steamers at least one cowl ventilator is fitted at each end of 
each hold, the one serves as a downcast and the other as an uptake. In 
many cases two pairs are provided in each hold. If through ventilation 
of the cargo is required, one of the two ventilators must be extended to 
the bottom of the hold, for when both stop at the deck the fresli air 
choosing the shortest route to the outlet, passes straight fore and aft over 
the top of the cargo and leaves comimratively undisturbed air at the bottom 
of the hold ; but this is rarely done for with most cargoes surface ventila- 
tion is found to be sufficient. Ventilation for bulk cargoes liable to heat 
such as rice is often provided by interposing in the midst of the bales or 
bags a sort of open work of tubes roughly made of wood about ten feet 
long by nine inches square.. These tubes are placed vertically and 
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horizontally at intervals among the cargo so as to allow air to pass in all 
directions. With grain and other cargoes requiring very thorough ventila- 
tion a trunk way having air holes in its side is led fore and aft at the bottom 
of the hold and a downcast ventilator is led into it so that the air passing 
along the trunk way and escaping by the apertures may be distributed all 
over the bottom of the hold ; a similar arrangement has been adopted to 
distribute cold air in holds which carry frozen meat. 

Our present knowledge of such important epidemic diseases as plague, 
and yellow fever goes to show that their spread to healthy ports can only 
be prevented if a ship and its cargo can be thoroughly fumigated. Through 
ventilation of the cargo (on some system such as that described above) is 
necessary if a ship is to be satisfactorily fumigated without unloading it. 
In the majority of ships a simple modification of the existing arrangement 
to effect through ventilation of the cargo could easily be devised. The 
attention of Government should be drawn to the fact that while rules have 
been made and are enforced for the ventilation of all parts of ship used by 
passengers or crew, no attention has been paid to the ventilation 
of those parts of a ship in which cargo is stored. While such rules are un- 
necessary for the preservation of cargoes, they are required in order that 
an infected ship may be fumigated without removing the cargo. The 
danger of communicating infection to a healthy port by an infected ship 
which cannot be fumigated before unloading is very great, and the cost of 
unloading a single ship for this purpose would more than pay for the 
constructional modifications of the existing arrangements for ventilating 
the hold to effect through ventilation of the corgo in many ships. 

Danger of Yellow Fever to India. 

With the development of air-traffic between India and 
other countries, India is faced with a new danger in the form 
of transmission of Yellow Fever from its endemic centre in 
West Africa. Sanitary Authorities in this country have to 
be on their watch so that the danger may not materialise. 

The mosquito-- vector of Yellow fever — iEdes — is present 
in large numbers in East Africa, Egypt, India and the rest of 
Southern Asia, If yellow fever once breaks its bounds and 
reaches the Western Shores of Indian Ocean, it will continue 
its destructive course unhampered throughout the tropical 
and sub-tropical Asia. 

It has been argued that because this disease has never 
spread from the West to the eastern side of Africa, there is 
some unknown factor preventing this. The available 
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evidence is against this view, for there is no evidence of 
racial immunity except such as is acquired by races Iona 
re.sident or aboriginal in endemic areas. It has also been 
shown tliat mosquitoes taken from India to England act as 
efficient transmitters of the virus in the Laboratory . The 
probable explanation of restriction of Yellow fever to one 
side of Africa is that communication across central Africa 
has so far been infrequent and slow and in the centre there 
is high land with a relatively cold, dry climate which 
probably interferes with the development of the virus within 
the mosquito. These factors have therefore prevented the 
infected human beings and the mosquitoes from carrying 
the disease from West to East. But now, with air transport 
opening u}) new communications throughout Africa, it will 
not be long before it will be possible to cross the continent 
in 2 or 3 days at the most and thus bring infected 
mosquitoes as well as men in the incubation period of the 
disease, to countries so far free from Yellow fever. From 
Mombasa to India via Aden will be another 3-4 days so 
that it will be possible for a man to reach India from West 
Africa in a week’s time. It is definitely stated by some that 
man is capable of infecting mosquitoes during the incubation 
period of the disease in addition to the first three days of 
attack. It is therefore clear that once air travel between 
India and West Africa is thoroughly established, it will be 
possible for an apparently healthy man, who is infective to 
mosquitoes, to reach India. The terrible implication of this 
needs no emphasis. 

The menace has to be fought against. Total forbidding 
of the aerial traffic from infected countries seems to be the 
only preventive measure against importation of the disease 
but is not practicable. A more hopeful remedy lies in the 
inoculation of men with the fixed virus mixed with the serum 
of a recovered yellow fever patient which is said to confer a 
considerable degree of immunity. If this immunity is shown 
to be certain of production vaccination of all travellers by 
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aeroplane from infected countries to Yellow-fever-free 
countries would greatly simplify tlie precautions at present 
necessary. 

Phlebotomus or Papatasii Fever. 

This fever, which is often called “ three days ” or 
sand-fly ” fever, is caused by an ultra-microscopic or Alter- 
able virus. 

This virus is introduced by the bite of the sand-fly 
(phlebotomus papatasii) and seems to be in the patient’s 
peripheral circulation only during the first 24-36 hours of the 
illness. 

Blood extracted towards the end of the second day and 
injected into a healthy person fails to reproduce the disease. 

If the infective blood is filtered through a Pasteur filter 
candle F, the filterate can cause an attack just as well as the 
•original blood, resembling in this respect Dengue and 
Yellow Fever. 

This fever can be easily differentiated from Dengue Tever, which 
breaks out in epidemics which are more explosive in character. In Dengue, 
the infection courses swiftly through a community until almost all 
susceptible people have been attacked. In a few weeks its energy will 
have been expended. The rashes which occur in about 70 per cent, of the 
cases, and the greater severity of the pains, mark off this disease from 
Sand-fly Fever. 

Geographical and Seasonal Distribution. 

Algeria. — ^P. papatasii has been noted in Algeria, being 
widely distributed in the Mediterranean ports, in the oasis 
of the desert and on the high plateaus. In the coast towns, 
P. papatasii is most frequently met with in July, August and 
September. 

On the high plateaus are found P. papatasii, P. minutus 
and P. periniciosus only in the first three weeks of September. 

China. — Sand-flies are frequently found in northern 
China. May and June are the worst months and the flies are 
most numerous near old crumblmg buildings. 
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Mediterranean Area. —The disease is widely distributed 
in tie Mediterranean area, i)articularly intbe coast towns of 
the Adriatic. It has been shown that the papatasii flies can 
be carried alive for long distances, e.g., from Malta to 
London. The coasting mercantile and fishing fleets 
undoubtedly carry the infected insects from place to place 
and when conditions are favourable for their breeding, 
epidemics are started. 

The severe earthquakes of Italy and Sicily have provided 
abundance of suitable breeding places in the ruined walls 
of. the houses. 

Africa . — It is of widespread distribution in Africa, 
abundantly present in the Ivory Coast and Senegal ; also 
seen in the Anglo-Egj’ptian Soudan. 

Adcn.~Tlie Sand-fly Fever of Aden is less severe than 
that of the N.-W. Provinces and the common fly found is the 
P, minutus, whereas in India the P. papatasii is the only one 
of importance. It is present throughout the year, though 
most abundantly in the months of May to October. 

Jwdfa.-— Many stations on the North-West Frontier. 
The sand-flies are most numerous during the end of April and 
in May. Their numbers lessen in June and July and increase 
again in August and decrease in September and October 
when they disappear at the end of the latter month. The 
following varieties are met with in the Peshawar Valley ; P. 
papatasii, P. minutus, P. molestus and P. babu. The inci- 
dence of the fever fluctuates in the same manner as the flies. 

Cases have been recorded at Peshawar, Nowshera, 
Attock, Kila Drosh, Chitral. In the Punjab, at Kohat. In 
Bengal, at Dinapore. In Eajputana, at Neemuch and Mount 
Abu. In Bombay, at Hyderabad. At the Himalayan bill 
stations, at Gharial and Dalhousie, and at Lucknow. The 
disease also occurs at many other places in India, 

South Anierica.—Bmzil, Peru, etc. 
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Etiology and Mode of Transmission. 

The germ, which is ultra-microscopic and filterable 
is found in the blood of the patient only during the first 24 to 
36 hours. The transmitting agent is a moth midge in India, 
the Phlebotomus papatasii. Kepresentatives of the genus 
Phlebotomus are to be found in most tropical and sub-tropical 
countries. Theji" are very delicate, exceedingly minute, 
yellowish greyish, or brownish, slenderly built insects that 
bite principally at night and that can easily pass through 
the meshes of an ordinary mosquito-net. 

The P. pajoatasii is very hairy. The legs are long and 
slender. The body, antennae and wings are thickly covered 
with short hairs. The proboscis is as long as the head and 
the lancets project beyond the labium. The leaf -shaped 
wings, are narrow and show aU the three branches of the 
second longitudinal vein very distinctly. When at rest, the 
wings are uplifted. (See p. 752.) 

The P. papatasii lays about 40 eggs, selecting for that 
purpose damp places such as the walls of cellars, of latrines, 
cesspools, crevices in walls, caves and embankments. The 
cycle of egg, larva and imago takes about one month in warm 
weather and in cooler two months or more. 

The larva has 12 segments. On the under side of the 
anterior portion is a subconical retractile process crowned 
with bristles. 

The pupa has a respiratory cleft on each side of the 
thorax, and possesses spines by which it anchors itself to 
the cocoon. 

The female fly alone bites and does so chiefly at night. 
In the day time, cool, moist, shady places are selected to 
retire to. The insect is a persistent vicious feeder. 

It takes from 6-8 days for the sand-fly to be infective, 
after feeding on a patient on the first day of the fever. 

47 
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The duration of life of the imago is not known. It is 
difficult to keep it in captivity. Investigators have 
suoc('eded in kee]nng these insects alive for 50 days. 

In the Soudan, the sand-fly has been found breeding 
among damp stones, bricks and tiles, in caves and crevices 
of stone walls. 

They have been frequently found in sandy soil which 
cracks in drying, and into these cracks the pregnant female 
probably descends to lay her eggs on the damp earth below 
the surface. 

The larvie of Plilebotomiis are killed by a comparatively 
short exposure to dry air ; they are never found in dry or 
nearly dry earth. They require a moderate degree of 
luoi.sture, protection from light, and the presence of refuse 
tlie debris of dead insects, decaying fungi and possibly 
insect and dejecta; but an excess of this material is 
harmful. 

Bricks, stones, tiles and cement form their common 
breeding haunts. Main sewers and vent-shafts, drains, 
cellars and prison cells, decayed stems of the prickly pear, 
the empty shells of molluscs and roots of trees, all act as 
breeding places. 

One attack produces immunity. The disease is almost 
never fatal. 


Prophylaxis. 

Any likely breeding places should be inspected carefully 
and, if practicable, removed, e.g., heaps of stones, tiles, 
refuse, etc. 

Buildings in areas known to be the resort of sand-flies 
should have all doors and windows protected with fine-mesh 
wire gauze carefully protected from injury and the residents 
should sleep under fine-mesh muslin nets. 
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Owing to tlie extremely minute size, tlie almost flea-like 
habits of the adult insects and the enormous area over which 
the breeding places may occur, the problem is a very diffi- 
cult one. 

(1) Lt.-Col. Hale is of opinion that these flies cannot 
face camphor. He keeps four squares of camphor on his 
bed night and day and the mosquito curtain is left open. 
Just before getting in bed, he pulverizes a few small bits of 
camphor and sprinkles the bed with it. 

(2) The use of mulmul nets. Ordinary mosquito nets 
are of no avail as these insects readily pass through the meshes 
and attack persons as freely as if nets were not used. 

(3) Use of punkhas and electric fans. These repel 
the attacks if continuously and. properly employed. 

(4) Early isolation of the sick. 

(5) Evacuation of the infected quarters. 

(6) Use of mosquito trap for capturing these insects. 

(7) Spraying with repellants. Formalin in 1 per cent, 
solution may be sprayed every day in dark portions and 
angles of sleeping apartments. Mosquito curtains may also 
be sprayed towards sun-set ; nets treated in this way are 
said to repel the attacks of these insects. 

(8) Major Crawford, K.A.M.C., uses the following as 


a deterrent 

01. anisi i. 

01. eucalypti . . . . . . ^ i. 

01. terebinthini . . . . ^ ss. 

Ung. Acid boric . . . . . . ^ i. 

(9) Counter attraction 


A brightly burning kerosine oil lamp appears to attract 
the flies more than a sleeping human being. Daylight is a 
most important factor in driving away the flies. 
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( 1 0) All opoiiings and fissures in walls sliould b e carefully 
filled in witli cement so as to prevent tKe ingress and egress 
of the flies. Complete destruction of the breeding grounds 
must be aimed at. 

(11) Periodic fumigation of sleeping rooms with Sul- 
phur or Crude tobacco, will kill the adult flies. 

Diarrhoea, Dysentery and Sprue. 

Diarrhoea, Dysentery and Sprue are intestinal diseases 
each due to a microbe, organism (bacterium) or parasite, 
gaming access to the intestines through the medium of food, 
water, milk, dust, &c., and a human carrier. 

These diseases may occur in epidemics, especially 
Diarrlnea in childien during summer and autmnn months, 
and point to infection through food, milk or water, dust, &c. 

The infective material maybe carried by flies from 
infected latrines or dirty utensils. 

The same precautions should be taken as in Cholera : 
good sanitary arrangements, and immediate disposal of 
refuse and disinfection of the stool ; water and milk should 
be boiled, and the food and vegetables should be fresh and 
well cooked. 

Diarrhm. ■—'Khm attributes Diarrhoea to the Bacillus 
Enteritidis Sporogenes, which is found in dust and air, and 
feces, milk and food. 

The food and milk should he protected and the latrines 
disinfected, the larvae and eggs of flies destroyed and clean 
cooking utensils insisted on. 

Climate and change of food have a great effect on 
the intestinal canal of Europeans in India, and many people 
suffer from Diarrhosa as soon as they get to a hill station, 
but recover when acclimatised. 
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Infantile Diarrltoea is due to want of cleanliness and 
impure feeding, the food and milk becoming contaminated. 

Epidemic Diarrhoea is almost always associated with 
increased temperature of the air and autumn changes, and 
the mortality is for the most part among infants and very 
young children ; still there are records from time to time 
of epidemic Diarrhoea at various seasons (even in mid-winter) 
when those who died were not even chiefly little children. 
There is no means of computing the lenglh of the latent period, 
but it is certainly short. The attack begins with pain 
in the epigastric region, or abdominal griping, with a slight 
rise of temperature, vomiting and diarrhoea. The stools show 
that there is intestinal catarrh, and some times contain blood. 
There is commonly thirst and some suppression of urine, a 
weak and frequent pulse, and often cramps, extreme pro- 
stration, and, it may be, collapse. The attack lasts from 
about three days to a week. 

As epidemic Diarrhoea is intimately associated with 
conditions of filth which favour its propagation, it is the duty 
of the local authority and the householder to remove such 
conditions. 

Dieeotions for Feeding- Infants and Precautions 
AGAINST Diarrhoea in Infants. 

1. Infants fed by hand suffer in a far greater degree from Diarrhoea 
than do infants fed at the breast. This shows that infants fed by hand 
are infected by their food. 

2. Mothers should endeavour to suckle their infants for nine months. 
To do so, and to keep in good health, they must have abundance of good 
plain food, and maintain regular habits. 

It is cheaper and safer for the child that the mother should be well-fed 
and suckle the child than to have the infant fed by hand. 

3. An infant should not be weaned during the warm months when 
Diarrhosa is prevalent. 

4. If a mother cannot suckle her infant, she should rather rear it on 
cow’s milk than on condensed milk. The condensed milks usually given 
to infants are not sufficiently nourishing. Especially during the warm 
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months, mothorn slumkl fmjuently pour out a little of the cow's milk used 
and taste it to see that it is fresh. When a mother is obliged to wean her 
child, she shotdd always consult a doctor as to the way in which the cow’s 
milk is to lie prt'fjared for the infant. 

5. It is better to have definite rule.s for feeding. 

All vcs.-icls and utensils u-sod in feeding the infant should be kept scru- 
pulously clean. 

When the milk has been received in the morning, the mixture which 
the child is to have should be made up to la.st 24 hours and the sugar or 
anytliinu "he to In; added .should 1»(; added at once. 

The mi.xtiire, as it is to he used, should then be brought slowly to the 
boil, preferably in a double-jacketed pan. 

It should then be poured at once into a clean jug, which is to be covered 
U'ith a clean cloth and at on<;c i-)laced in a basin of water as cold as it can 
be got. Should the water get warm, it should be poured out, and cold 
water siiltstitiited, in which the covered jug is again placed. 

The ('lean bottle and teat are to be kept in a covered bowd or basin 
(•(itPainiiii: water whi<-h has been boiled. 

When the child is to bo fed, the clean bottle and teat are to be taken out 
of the basin, the ])roper quantity j)oured into the feeding bottle out of the 
jug which is at once again covered and once more kept in the cold water. 

The teat is then put on the bottle with fingers which must be scrupu- 
Icusly clean. 

The feeding bottle is then placed in warm water until, after shaking 
it is just comfortably warm when put on the back of the arm, and the 
child is then fed. 

As soon as it is fed the teat is taken off the bottle, both teat and bottle 
are washed in ])lenty of hot water and soda, and both are put back in the 
cold boiled water for next time of use, 

6. There is strong reason to believe that the infection of Diarrhoea is 
carried from house to house, and planted on food by house-flies. Now 
flies are partial to milk, condensed milk, bread (which contains on the outer 
portion a sugary matter), and also to sugar and Syrup. Hence all these 
materials should be kept carefully protected from flies ; this may be done 
by keeping these foods in a cupboard to which air might be admitted by 
a fine wire screen panel. Or a keeping cupboard may be made out of an 
<jld box with a well fitting lid, or even of a clean box turned upside down 
provided Hies are kept out. 

7. Flies are attracted to houses where there are crumbs of bread, 
particles of sugar, treacle, and dirt. 

8. It will be seen how necessary it is for the safety of children to 
keep the house always scrupulously clean. 
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No infant should he kept in the same room as an older person suffering 
from Diarrhoea, or should be in charge of any person who has Diarrhoea 
or who is caring for another chilol suffering from Diarrhma. 

9. There is reason to believe that Diarrhoea is not infrecpiently con- 
tracted from placing the infant on the floor. Older children suffering from 
Diarrhoea infect the floor, or other members of the family carry in infection 
on their feet. The infant sucks its soiled fingers or clothes and contracts 
the disease. 

An infant under 12 months of age should never be allowed to crawl 
on the floor. 

In any case, the floor should be frequently cleaned and always imme- 
diately after it has been soiled. 

10. There is reason to believe that Diarrhoea is often communicated 
through the common habit of rubbing the child’s gums to ease them about 
the periods of teething. This dangerous habit should be given up. 

The dummy teat also often gets soiled and may cause Diarrhoea. 

An infant's gums should never be touched with the finger, a dummy 
teat .should not bc^ u.sed, and the child’s mouth should not be interfered 
with except under medical instructions. 

11. Every object wliich the infant can touch with its mouth should 
be kept clean. 

12. Should an infant not appear to thrive, a medical practitioner 
should he consulted and his advice cartffully followed. 

13. Any accumulation of an offensive character near a house, whether 
arising from defective drainage, from collection of cntclua improperly 
kept or from defective clean.sing of privies and gullies, should he reported to 
the Health Officer of the ward or to the Health Officer of the City. Other 
deposits near a house will require to be removed at once by the householder. 

14. The yards should be kept clean, and the drains flushed with a few 
buckets of water daily. 

15. Aishes should not be allowed to remain about the premises nor 
should vegetable refuse be scattered. Tea leaves, cabbages, fish, potato- 
peelings, etc., should be burned in the kitchen fire. No liquid should 
ever be allowed to remain about the premises. 

16. Where any offensive smell is perceived in or near a house, the cause 
of which cannot he ascertained and removed, complaint should be made 
to the Health Officer of the ward. 

Dysentery. 

Dysentery is a term applied to a group of diseases, of 
which, the principal feature is inflammation of the mucous 
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membrane of tbe colon. Three types of Dysentery, correla- 
ted to three kinds of parasites, are now fairly well made 
out. They are 

(1) Bacterial or bacillary or epidemic Dysentery due 

to the presence of Shiga-Kriise bacillus. 

(2) Protozoal or amoebic or endemic. Entamoeba 

Dysenterise (E. hystolytica). 

(3) Sporadic, due to Bacillus Coli Communis and other 

causes. The epidemic form is due to impure 
water, wind-borne dust, fly-borne infection, 
personal uncleanliness or it is of latrine origin. 

The spread of Dysentery is due to infected food, milk 
or water, or a human being convalescent from the disease 
introducing the infection into a community. 

]\Ieasnres for prevention should be taken on the lines 
indicated above ; isolation of the patient, protection of the 
food and water and strict sanitation. 

Sprue. 

By the term Siwm is understood a peculiar and very 
dangerous form of chronic catarrhal inflammation of the 
whole or part of the mucous membrane of the alimentary 
canal, associated with disturbance of the functions of glan- 
dular organs subserving digestion. 

It has been called “ tropical Diarrhoea,” Ceylon Sore- 
Mouth, Psilosis Lingua. 

The disease never appears epidemically and is not con- 
tagious. 

It is a disease of similar nature to Dysentery ; little is 
known about the special organism in connection with it, 
and the same precautions are necessary. 
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In the event of Diarrhoea or Dysentery appearing as an 
epidemic, the water and milk should be examined for patho- 
genic organisms, and the source of the supply inquired into. 

The milk supply of India is such a constant source of 
danger that none should be used without boiling or sterilizing. 

Ankylostomiasis or Hookworm Disease. 

There are two species of hookworm infecting man, viz., 
the Old-world type {Anchylostoma dmdenale) and the New- 
world type {Necator amencanus). Both varieties are common 
in India, particularly in Bengal, Madras and Assam, but the 
latter preponderates over the former species by nearly 80 
per cent. According to Bentley, nearly forty millions of people 
in Bengal are infected with these worms, and in most districts' 
four persons out of every five, have them. 

The disease is widely prevalent in several parts of India, 
particularly in the plantations and coal mine districts. 
Similarly, it is also prevalent in French and British Guiana, 
the Southern States of America, Porto Bico and California- 
In these places, it is reported that the economic loss is very 
heavy, owing to the prevalence of the disease among the 
labouring classes. ^ 

The two varieties of hookworm resemble each other in 
their general appearance, life histories, methods of infecting 
human beings, and the serious ill-health they produce. 

The adult worms chiefly inhabit the duodenum and 
jejunum, but occasionally they are found in other parts of 
the intestinal canal. The adult female is a little over 
half an inch in length, about the thickness of ordinary 
sewing cotton, and tapers slightly at both ends. The adult 
male is a little smaller in size. The head is similar to that 
of the female, but the tail end instead of tapering, expands 
into an umbrella-shaped sac which is useful in copulation. 
They are yellowish-white in colour, but being bloodsuckers, 
they naturally contain blood and then they are much darker 
in colour. 
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Mode of Infection : — The development of the disease is 
remarkable. The life of the hookworm is made np of two 
periods. During the first period it lives in the soil, and the 
second period of its life is spent within the intestines of a 
human being. In the intestinal tract the worm lays eggs 
by the thousand. These eggs pass out in the faeces and 
favoured by heat and moisture, develop into minute larvae 
in the soil in about three or four days. Qndei favour- 
able conditions, these larvae can live in the soil for even 
ten or twelve months, but they cannot develop beyond 
this stage, unless they gain entrance into the body of some 
human being and find their way into the intestinal canal. 
The ultimate goal of the worm being the upper part of the 
small intestine, the question arises how it finds its way there. 
The journey may in some cases be a short one, but in 
the majority of instances, it is long. The short method 
of infection is that the larvae may be swallowed into the 
stomach and intestines by means of polluted water, or 
unwashed vegetables or fruit. But in 90 per cent, of cases 
infection takes place through the skin of the foot. In badly 
infected localities, and particularly in India, owing to the 
pernicious habit of the people to use the open ground as a 
latrine, the soil becomes so polluted w’ith the larvae, that it 
is almost impossible for a person to walk barefoot outdoors, 
without becoming infected. The larvae have a most ex- 
traordinary power of attaching themselves to, and penetrating 
into the human skin. The first warning of this ^in 
infection is a sort of dermatities, known as “ ground-itch 
or “ cooly-itch.” After they have thus burrowed into the 
skin, they enter the minute capillaries, and are carried by the 
blood stream into the heart and lungs. In the lungs the 
blood-vessels are too small to permit them to pass tlirough, 
so they begin to burrow again, and find their way into the 
air-spaces of the lungs. Crawling along these, they reach 
the trachea and then the throat. Once there, they are 
swallowed with saliva and food and thus they gain entrance 
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to the intestine* where they fasten themselves to the mncous 
coat, and begin sucking the blood of the host. This 
long journey takes nearly two months to complete. In the 
intestines the male and female worms develop to adult life, 
and the females deposit numerous eggs, which being mixed 
with the excreta, are passed out on the soil, to spread the 
disease. It is said that each infected person will daily cast 
of with the excreta from one to four million eggs. 

Effects of Hookworm Disease :~The infection is in most 
cases so insidiously acquired by the unsuspecting victim, that 
he and the members of his family, who are probably likewise 
being infected, have no idea as to when the effects of the 
disease began to manifest themselves. The outstanding 
symptom of the disease is anaemia. In the case of children 
who become victims of this parasite, their mental and physical 
development is greatly retarded, and puberty is delayed. 
In females, menstruation is frequently postponed or 
altogether suppressed, sterility is frequent, and still-births 
and miscarriages are common. In males it causes impotence. 
Among other common symptoms of this disease, there is 
dyspepsia, indigestion, and loss of blood, resulting in more 
or less profound anaemia. There is also oedema of the 
ankles, and in severe cases dropsy. The patient becomes 
very apathetic and disinclined for any work. 

Preventive measures ; — According to Bentley “ the 
eradication and prevention of hookworm disease, requires 
a combination of measures ; firstly, sufferers must be 
treated in order to expel the parasite ; secondly, soil 
pollution must he prevented ; and thirdly, people must be 
shown how to protect themselves from infection so that while 
the two former measures are in progress and even before 
they become effective, new infections may be reduced.” 

It is not the province of this book to describe the treatment 
of this disease. Suffice it to observe, that in oil of 
chenopodium and thymol, we possess two very efficient drugs 
for killing and expelling the parasite from the intestines. By 
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means of the microscope, we can readily diagnose the disease, 
and the treatment should be commenced as early as possible. 

But treatment alone is not sufficient. The fundamental 
fact we have to recognize is that hookworm infection is 
due to pollution of the soil with human excreta, and obviously 
therefore to prevent the spread of infection, this pollution 
of the soil must be stopped. This is no doubt a difficult 
task in India owing to the age-long habit of the people 
easing themselves wherever they can. But this problem 
must be faced and met, by educating the public in regard 
to the dangerous nature of the disease, its mode of spread, 
and the simplicity of the measures necessary for its prevention. 

The construction of adequate sanitary latrines, and the 
measures for enforcing the proper use of these conveniences, is 
a matter of prime necessity. Where there is drainage, proper 
water-closets should be provided, and in the absence of 
drainage, such water-closets should, if possible, be drained 
into septic tanks. The best and only w'ay of preventing soil 
pollution is to provide sanitary privies and w'ater-closets, 
which should be regularly used by all the people. The 
essentials of a sanitary privy are that it should be water-tight, 
it should have a fly-screened receptacle, the contents of which 
should be disposed of in a sanitary way, by burning, or trench- 
ing, away from any source of water-supply. It would also be 
a safe measure not to use human excrement as a fertilizer, 
as it is liable to carry hookworms to fruit and vegetables. 

In regard to preventive measures, it is necessary to 
know a few facts in the development of the ova and larvae of 
these worms. Dessication of infected soil will kill all the 
larvae that may be present on it. In moist soil, the ova 
will develop very easily. It is said that if the excreta are 
diluted with water, to the extent of one part in 1000 or 2000 
of water, the larvae will perish and the ova prevented from 
developing. Larvae may live in water for at least thirty days, 
and when encysted, for about five months. Sea water is 
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said to destroy the embryo as it emerges from the egg. Disin- 
fectants are powerless to kill the ova. All this explains 
why hookworm infection is so common. 

Lastly, the wearing of water-tight boots and even of 
wooden sandals is a great safeguard against the disease, and 
labourers in mines, plantations, and other places where the 
disease is common, should be encouraged to put them on. 

Kala-Azar. 

K’ala-Azar is one of the diseases included under the term 
Leishmaniasis. It is characterized by an irregular fever of 
long duration, which may be rapid or slow in its onset. 
Associated with this fever there is progressive emaciation and 
enlargement of the spleen and liver, together wdth hyper- 
j)igm(‘ntation of the skin. A parasitic protozoon, 
donomm, is present in the peripheral blood, spleen, liver, 
and bone marrow of patients suffering from this disease. 

In India, it is widely prevalent in Bengal, Bihar and 
Assam, and to a lesser extent in the United Provinces, Madras 
and Orissa. Outside India, it is found in certain parts of China , 
Russian Turkestan, Spain, Malta and certain Greek islands. 

There is a ^Mediterranean type of the disease, in which the 
victims arc almost exclusively infants and young children. This 
typo is prevalent along the coastal areas of Italy and Sicily, 

In his book on Kala-Azar, Dr. L. Everard Napier, 
of the Calciitta School of Tropical Medicine, states that 
there are certain factors which are common to all the areas 
in India where this disease is endemic. These are detailed 
under five headings, viz., altitude, rainfall, soil conditions, 
temperature and humidity. 

In regard to altitude, Kala-Azar is not endemic in any 
area which is 2,000 feet or more above sea-level. The normal 
annual rainfall in all endemic areas is above 50 inches, and as 
regards telluric conditions, the disease is almost entirely 
confined to alluvial soil. So far as temperature conditions 
are concerned, a monthly mean maximum temperature below 
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100° E., a monthly mean minimum temperature above 45° F. 
and a mean annual diurnal range of less than 20° F., and a 
diurnal range of less than 12“ F., for at least three months of 
the year are commonto the highly infected areas. The humidity 
factor is also said to play an important part in determining the 
distribution of the disease. “ The common factor of the endemic 
areas appears to be a degree of humidity which is indicated by 
an annual mean of daily mean humidities ofatleast 60 per cent,” 

Etiology and mode of transmission . — The causative 
organism of Kala-Azar, as has been observed above, is a 
protozoon, called Leishmania-Donovoni, but its mode of 
transmission has not yet been positively ascertained. From 
analogy with other tropical diseases like Malaria and Trypano- 
somiasis, a number of insects have been susi^ected as j^ossible 
transmitters. Paton had put forward a claim for the common 
bed-bug but there is convincing evidence obtained since 
then by different observers (including Paton himself) that 
the bug was not the offending insect. It was next suggested 
that since the dog constitutes the chief reservoir of infection 
in the Mediterranean area, the dog-fleas-Pulex Serrticeps and 
Ctenocephalus Canis — may be the actual transmitters. 
Workers in India have had uniformly negative results in 
transmitting Kala-Azar by means of the dog-fleas. 

The work of Knowles, Napier and Smith at the Calcutta 
School of Tropical Medicine in 1924 pointed to a spiecies of 
sand-fly Phlebotomus Argentipes — as the insect concerned 
in the transmission of the disease and this has been 
confirmed by the researches of the Indian Kala-Azar 
Commission (Second Report of the Kala-Azar Commission, 
India 1932). The Commission actually succeeded in 
transmitting the disease in one case by the bite of an 
infected P. Argentipes. One successful transmission does 
not however prove the claim of P. Argentipes, as the trans- 
mitting agent, as it has to be remembered that one successful 
transmission was obtained after a number of unsuccessful 
attempts, involving hard work for a number of years ; 
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secondly, that in a case of Kala-Azar, the number of parasites 
circulating in the peripheral blood is not abundant to allow 
infection of sand-flies to take place on a large scale and lastly 
that the parasite is present in excretions like the urine and 
fd'ces of Kala-Azar cases. These considerations do not 
preclude the possibility of other modes of transmission 
besides the one under consideration. 

Another mode of transmission suggested by the 
Commission is by the oral route. In their opinion, the claim 
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of tHs hypotliesis is almost equally strong as that of tlie 
preceding one, since this view is backed by more than one 
.siiccessfiil transmission. The source of infective material 
will obviously be the urine and fceces of Kala-Azar cases. 
Besides it has been conclusively proved that susceptible 
animals can be easily infected by the oral route. May it 
not be that given the susceptible individuals and the infected 
material, the oral route may serve as the channel of infection 
in at least a certain number of the Kala-Azar Cases ? Future 
will decide this question, one way or the other, 

A third possible method of transmission according to the 
Commission, is to combine the possibilities of the first and 
the second methods and to consider that P. Argentipes 
produces infection by the oral route. This view is supported 
by one successful transmission though it is admitted that the 
amount of work done in connection with this theory is not 
much. It is not inconceivable that P. Argentipes may be 
crushed near the mouth or its crushed remains transferred 
to the mouth from any site and so cause fresh infection. 
This theory occupies a lowly position and it will have to be 
investigated by future workers. 

Transmission by hook-worm has been definitely ruled 
out by the Commission as a result of their investigations. 

The work on Kala-Azar, which has been summarised 
above, has not enabled the Commission to decide upon the 
exact mode of transmission of the disease, though it has 
clarified the subject and narrowed down the issues. Future 
work will settle as to how the disease is propagated, whether 
by one or more than one agency. In the solution of this 
question, a possibility will have to be considered also that 
as in some other diseases, e.g.^ Plague, there may be more 
than one method of transmission. 

One further aspect of the subject must be considered 
in discussing the subject of Kala-Azar transmission and that 
is the importance of an accessory factor. The sandfly is 
48 
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present, in large numbers for the greater part of the year 
in epidemic areas and about 20 per cent, of the flies that 
feed on Kala-Azar patients are likely to become infected. 
Supposing that the method of transmission is by the bite 
of an infected P. Argentipes, it does not follow that the bite 
of an infected fly which inoculates a certain number of L. 
Donovoni will necessarily be followed by the appearance 
of the disease in the individual unless the accessory factor 
is also present, viz., a condition of lowered resistance. 
McCornbie Young (1924) has pointed out that the Kala-Azar 
epidemics of 1890-1900 and that of 1917-1929 were preceded 
or accompanied by events which had. the effect of lowering 
of mass resistance. In one case it was an earth-quake, in 
the other, a pandemic of Influenza. The great difference 
between these two natural phenomenon leads one to suppose 
that the mass resistance may be lowered as a result of widely 
differing agencies. Among the most common of such 
agencies likely to affect individual resistance to disease, is 
Malaria, though Typhoid and other epidemic diseases may 
act in the same way and cause an increase in the incidence 
of the disease in the j)opulation of endemic areas. 

Pro 2 )hylfvxis . — On the assumption that the sandfly is 
the transmitter of the disease, the preventive measures that 
would suggest themselves would be similar to those advocated 
against sandfly fever. Domestic and personal cleanliness and 
prompt removal of all refuse, briclcs, stones, etc., where 
sandflies are likely to breed, should be resorted to. Periodic 
fumigation of sleeping rooms, with sulphur, or crude 
tobacco, will kill the adult flies. The use of mulmul nets 
and the placing of pieces of camphor in the beds are measures 
which would prevent the bites of these insects. For a more 
detailed description of anti-sandfly measures, the reader 
is referred to the article on Phld}otomu& fever in this book. 

In Assam, the two measures that have been adopted 
against this disease are compulsory segregation of the sick and 
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contacts, and treatment of the sick. For the latter purpose, 
a large number of dispensaries have been established in various 
parts of the province, in charge of specially trained doctors. 
In infected coolie lines on the tea estates in this province, 
wholesale evacuation and burning of infected huts and their 
contents have been resorted to, with some measure of success 
for the extermination of this disease. In recent years, the 
tendency has been to rely entirely on treatment, because in 
antimony, particularly in the pentavalent compounds of 
this drug, we possess a sure speciho against the disease. 
In 1916, Sir Leonard Rogers introduced into India, the 
treatment of Kala-Azar by means of injections of sodium 
antimony tartarate. A cure rate of nearly 80 per cent, of 
the cases was brought about by this means. Since then 
a further advance has been made in the treatment by the 
use of Urea Stibamin which was first prepared and 
used by Dr. U. N, Brahmachari of Calcutta, It is claimed 
to be an eminently safe and reliable drug and the 
Kala-Azar Commission used it for over 7 years in some 
thousands of cases with remarkable success. It has been 
noted in connection with the use of this drug that whereas it is 
entirely successful in the acute fulminating type of the disease 
which is characteristic of the peak period of an epidemic, 
the same cannot be said about the more chronic type of the 
cases which are met with during the latter part of the epide- 
mic. In such cases, it acts more gradually, requires a larger 
total dosage and yields a larger number of refractory cases. 
This characteristic of the drug is also shared by other antimony 
compounds, viz., the sodium or potassium salts or the 
various other preparations which have been j)ut on the market 
subsequent to the introduction of Urea Stibamin and as 
a result of its success. 

In the Mediterranean area. Leishmaniasis in dogs and 
cats is frequently associated with human cases of Kala-Azar, 
and some observers have maintained that in Italy, the 
disease passes from dog to man. But so many cases occur 
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wliicli cannot be associated with any infected dog, that 
it would appear that the infection of the animal is as much 
an accident, as the infection of the human being. On this 
account, one of the preventive measures recommended in 
these areas, is the destruction of infected dogs and cats. But 
such a measure in India does not appear to be necessary, 
because observers in this country have failed to produce 
infection in animals, and the canine disease is absent in 
endemic areas in India, 

Beri-Beri. 

A specific form of multiple peripheral neuritis occurring 
endemically, or as an epidemic, in most tropical and sub- 
tropical countries and, also under certain conditions, in more 
temperate latitudes. In countries where there is a hot 
and cold season, the epidemic outbreaks occur during the 
former. In countries hot all the year round, Beri-Beri may 
occur at any time ; most frequently, however, during the rains. 

It attftiiks Ijoth spxes. Altboagh rare in childhood and extreme old 
age, it occurH at all ages, its favourite age being about 15 to 30. 

It affects rich as well as poor, and is confined to no particular trade or 
occupation. If anything, it has a predilection for those who lead a seden. 
tary life and are much indoors, as students, prisoners, inmates of hospitals 
and asylums. It is apt to attack pregnant or parturient females, and the 
breast-fed child of a Beri-Berie mother is apt to develop the disease. Over- 
crowding appears to favour the .spread of Beri-Beri. 

Unlike Malaria, Beri-Beri i.s common in the native Crews, more rarely 
though occasionally, among the European officers and sailors of ships on 
the high seas. 

The disease is usually described under two types : (a) a, 
wet or dropsical Beri-Beri, in which the vaso-motor nerves 
are affected with resultant general oedema, and (b) a dry, 
atrophic or paraplegic type in which muscular palsies and 
atrophies are the leading features. Mixed cases also occur 
in which there is a mixture of the above features. 

Hamilton Wright classifies the cases as follows .-—Acute 
Beri-Beri (Cardiac, Motor, Sensori-Motor or Vaso-Motor) .and 
Eesidual (Cardiac, Motor, Sensori-Motor or Vaso-Motor) 
Paralysis. 
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Etiology. 

Beri-Beri is now accepted as a disease of nutrition due to 
tke absence of the water soluble B Vitamin from tlie food. 
The disease commonly occurs among rice eating races. 

Eice is prepared for commerce either cured or uncured. 

In the cured variety, the unhusked paddy (rice) is boiled 
until the husk splits, after which the boiled grain is exposed 
to the air until it is perfectly dry and is forthwith further 
treated or stored till required. 

Uncured rice is rice which has been unhusked and polished 
in a mill. During this process the pericarp and more or less 
of the aleurone layer and the embryo are rub bed off and nothing 
but a polished white grain is left. When the process is 
continued until but little remains except the starch granules, 
the rice is termed polished, highly milled, or white rice ; 
when the milling is less complete, the rice is known as 
under-milled or red rice. 

In the case of cured rice, as opposed to the white rice 
the parboiling or steaming process causes the pericarpial 
and the aleurone layer to become, in part, adherent to the 
grain, and it is this layer and the embryo which contain the 
vitamin or anti-Beri-Beric element essential to the diet 
and this layer is not lost in the subsequent treatment of the 
rice for the market. 

The cured, steamed or parboiled rice may be subsequently 
treated by milling or by rubbing in a mortar or by hand 
before being placed on the market. Eice grown in Bengal, 
the Konkan and the Malabar Coast is usually cured,. Un- 
cured rice is exported from Burma, Siam and French Indo- 
China. 

Ill the process of preparing uncured rice, the scale-like dust found in the 
machines passes under the name of rice polishings and has curative value 
for those who have developed Beri-Beri under a diet of polished rice. 
Polished or white rice contains as a rule less than 0.4 per cent, of P 2 O 5 
while the Beri-Beri preventing rices contain more. 
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Funk, Fraser, Stanton, Eijkman, Braddon and others 
have more or less definitely proved that Beri-Beri is associated 
with a food deficiency. As stated by Manson, it may be 
just possible that the condition brought about by this de- 
ficiency merely predisposes to, or is necessary for, the opera- 
tion of something else, perhaps a germ, which in the absence 
of this deficiency, would remain inoperative even if 
introduced. 

The anti-Beri-Beric vitamin is largely contained in the 
sub-pericarpial layer which is practically entirely removed 
by the process of milling uncured rice, and Funk has shown 
that the substance is present in rice polishings in the propor- 
tion of 1 in 10,000. The same observer has proved that 
similar anti-neuritic bodies exist in other cereals and in a 
variety of food stuffs, e.(j. heart muscle, egg yolk, yeast, 
lentils and barley. 

Experlmf-'iits show that the rice vitamin fraction can be split up into 
three substances, one with a formula of G24 H19 O9 N5, second with a for- 
mula, C2i) H03 O9 N5, and thirdly what appears to be nicotinic acid. The 
first substance mixed with the nicotinic acid appears to be necessary for 
curing Polyneuritis artificially produced in pigeons by special diet of white 
or machine polished rice. 

As far as is known at present, the disease appears to be due 
to disturbance of metabolism due chiefly to the prolonged 
use of polished rice as a staple article of diet or to a diet de- 
ficient in the necessary vitamins, combined possibly with 
unsuitable climatic conditions and surroundings, and stress. 

The campaign in Mesopotamia-was marked by an outbreak of this 
disease among the troops both British and Indian. 

The symptoms exhibited corresponded with the various types known 
clinically. 

Fulminating, dry and wet and mixed cases w-ere all experienced. This 
is the first occasion on which such a large number of cases among British 
troops on active service has come under observation. Their diet consisted 
of fresh and tinned meat, wheat bread, rice, no fresh potatoes, vegetables 
scarce, j am in plenty and lime juice. The water was from the river, treated 
with alum and subsequently boiled. 

At times they were without fresh meat for 2 or 3 weeks. Milk, butter 
and eggs were not available except at long intervals. 
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Many of the troops had only heen a few months in India under condi- 
tions of climate, work and surroundings to which they were not accustomed 
and then they proceeded to a climate, where such conditions were accen- 
tuated and they worked under a certain stress both physical and mental. 

Beri-beri has also occurred in Brazil among labourers who ate consi- 
derable quantities of tinned vegetables. In both of these cases it is 
possible that the high degree of heat employed in sterilising tinned food 
also destroyed the anti-beri-beri Vitamin. 

Prophylaxis of Beri-Bert. 


Diet is most impoitant. 


On a campaign or a long sea voyage, it is often difficult to 
avoid some deficiency in those articles of diet which are 
especially rich in anti-Beri-Beri vitamin. 


Haricot beans, pea powder in the form of pea soup, and 
porridge are valuable and convenient. 


Fresh vegetables are important but, of course, sometimes 
unprocurable. General sanitary measures and personal 
hygiene should be kept at as high a standard as possible. 

Articles of diet for Beri-Beri cases, arranged in order as 
regards their vitamin value 


1. Yeast. 

2. Eggs (raw or lightly cooked). 

3. Brain. 

4. Liver. 

5. Sweetbread. 

6. Kidneys. 

7. Heart muscle. 

8. Peas. 


9. Haricot beans. 

10. Katjang idjse beans. 

11. Lentils. 

12. Porridge. 

13. Brown bread. 

14. Milk (fresh, if possible). 

15. Fish or meat. 

16. Ordinary bread or biscuits. 


The following suggestions have been made and would be 
extremely valuable, especially in institutions lilre Jails, 
Boarding Schools, etc. 


1. Whole-meal bread should be used whether the grain be wheat 

or Jowar or Bajree. 

2. IJndermilled or cured rice should be used. 

3. Fresh leguminous vegetables should be served once a week 
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4. Fresh fruit shouhl he issued twice a week. 

5. liarley, a very valuable preventive of heri-beri should be freely 

used, 

6. Fotatoes and fresh meat should be frequently served preferably 

once a day. 

7. The too exclusive use of canned foods must be avoided. 

Rabies (Hydrophobia in Man). 

Rabies is an acute disease of the central nervous system 
occurring in dogs and allied animals, and transmitted from 
animal to animal by means of bites. 

The term Hydrophobia is applied to the disease as met 
with in mull only, a.s tlie fear of water (hydrophobia) is not 
seen in tlie lower animals. 

The actual agent has not yet been identified, 
but there is no doubt that the disease is caused by an 
organism which may be termed the rabies virus and which 
is present in the saliva of affected animals. 

This virus is found in the brain, spinal cord, and large 
nerves ; also in the salivary glands and in certain internal 
organs, e.g. the pancreas and supra-renal glands. 

The saliva of human beings and herbivora contains 
practically no virus. 

The virus gains entrance into the body through some 
broken surface of skin or abraded mucous membrane, e.g., the 
bite of a rabid animal ; the infected saliva coming into contact 
with a recent cut or abrasion. 

From experiments made by Acton and Knowles, 
it has been determined that the saliva is never infectious 
earlier than 72 hours before definite symptoms appear. They 
are of opinion that “ if the biting animal remains alive and 
weU for ten days after Inting a human being, the saliva cannot 
have been infective and treatment in such cases is not necessary.'' 

The milk of aniraab suffering from Rabies seldom contains 
any virus. 
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For all practical purposes, the saliva is the only infective 
material from which man and other animals contract Rabies. 
The virus passes from the brain into the salivary glands and 
thence into the saliva of an infected animal. 

Dogs, jackals, horses, mules, cats, cows, and buffaloes 
are all susceptible. 

By far the greatest number of cases of Rabies occurs in 
dogs and next in jackals. 

Incubation fenod , — The incubation period is very variable. 
It varies from about 16 to 90 days. The variability of the 
period depends fl) upon the dose of the poison or virus in- 
oculated and (2) the proximity of the bite to the brain. The 
above-named observers believe that “ depth of the bites, 
bareness of skin, and multiplicity of bites are of greater 
importance than the actual situation of the bites.” 

A dog or other animal that has been bitten by a rabid 
animal should be segregated for at least 3 months and kept 
under close observation for another 3 months. 

Rabies in the Two types are described 

(а) Dumb or Paralytic Rabies. 

(б) Furious Rabies. 

The symptoms are extremely variable. Sometimes the dog is furious 
and later on dies in a paralysed state ; at other times only paralysis is 
seen ; more rarely the animal is only restless and ofi food and dies in 
convulsions in a few hours. The symptoms vary also with the kind of 
dog under observation. In pariah dogs and young puppies symptoms 
of furious rabies are common, and hence human beings are often bitten by 
such dogs. 

Well cared-for dogs, on the other hand, rarely bite human beings; in 
fact, in earlier stages they often show an increased affection for their 
masters. 

Eor descriptive purposes, the symptoms may be classified under two 
main headings : — (i) Brain irritation and (ii) Paralysis. 

(i) Restlessness, as shown by the animal straying away from hQ.me 
or aimlessly wandering up and down the room, and every now and then 
hiding away in dark corners. In well-kept dogs this restlessness is often 
missed, as the dog continuallj’’ comes up to his master to be petted. 
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dog snaps at imaginary objects. In well-cared 
for dogs, the eating of filth may be looked upon as a characteristic symptom. 

y/,n/ --This varies with the kind of dog. In well-kept dogs fury is, 
as a rule, only vented on inanimate objects by tearing up bedding or the 
ground or hiting at the chain or post to which it is tied. 

Such a dog almost invariably cj^uietens down on the approach of its 
master. It may attack other animals, but rarely viciously bites human 
beings. 

With pariah dogs the case is different, for they attack all and sundry 
who happen to cross their path. 

Crjni'nUinm . — The most typical sign of brain irritation is the occurrence 
of convulsions, affectingthe whole body. 

As a rule, convulsions do not appear until paralysis has set in and is 
marked. In young animals convulsions appear early in the disease, and 
(^ause death within a few hours from the onset. 

BcHide.H the symptoms mentioned above, other early signs are — 

( 1 ) lA'vor and rapid pulse. 

(2) Increased salivation may or may not be present, 

(11) Wrinkling of the forehead and brow, 

(4) Redness of the conjunctiva. 

{ii) Paralysis generally follows the symptoms of brain irritation. It 
usually commences in the hind legs and is shown by the waddling gait 
of the dog. 

This may be preceded or followed by paralysis of the throat and laryn- 
geal muscles. The former is shown by difficulty in swallowing, and the 
latter by the alteration in note and pitch of the bark. Instead of the normal 
clear bark, which consists of a succession of sounds, equal in length and 
intensity, it is raucous, muffled and deeper in tone. 

The first bark commences with open mouth, followed immediately by 
five or more barks which come from the back of the throat, and during 
each bark the jaws are not properly closed, as they are in the healthy bark. 

The paralysis extends to the jaw muscles, and the lower jaw finally 
drops. 

The animal gradually becomes entirely paralysed, so that it can neither 
sit, move nor feel. During this end stage of complete paralysis, convulsions 
supervene and hasten the end. 

Once definite symptoms appear, life is rarely prolonged for more than 
2 to 5 days. 

At the Rasauli Institute, the following signs and symptoms are consi- 
dered of importance ; — 

( 1 ) The short duration of the disease, 2 to 5 days. 
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(2) The infallible termination of the disease in death. 

(3) Hallucinations," bone in the throat,” and paralysis of the hind 

limbs. 

(4) Many persons bitten by the animal at the same time, and the 

attack being without provocation. 

In animals there is never any difficulty in eating or drinking until the 
last stage of the disease, when paralysis of the throat muscles makes these 
acts impossible. The animal never exhibits a dread of water. 

Treatment. — As soon as possible the wound should be 
well washed, dried and cauterised either by pure carbolic 
acid, permanganate of potash, pure nitric acid or silver nitrate. 

Pasteurian treatment for the prevention of Hydrophobia.— 
The wound having been efficiently cauterised, the bitten 
person has next to decide whether he should have Pasteur’s 
treatment. The Kasauli Institute authorities recommend 
the following procedure : — 

“ The first consideration is the state of the dog’s health 
“We may classify cases under the following headings 

{a) Dog is dead, and has been certified as being rabid 
by a medical or veterinary officer, or is suspected 
of Babies. 

(6) Dog is unknown. 

(c) Dog is still alive and can be put under observation. 

“ (a) Dog is dead, and is certainly rabid. — In these circum- 
stances, all persons bitten, and all persons licked on definite 
cuts or abrasions must proceed at once for treatment to a 
Pasteur Institute. Contact of saliva on granulating wounds 
is devoid of any danger. 

“ Dog is suspected of Rabies. — A popular idea appears to 
be prevalent that the brain should be sent to a laboratory and, 
if the result he positive, the patient should then proceed for 
treatment. At Kasauli we place little reliance upon the 
microscopical test. Therefore, when the dog is dead, and 
the symptoms are at all suspicious of Babies, it is better to be 
on the safe side and to undergo treatment. 
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“ (b) Dog is imJcnown.— These cases frequently occur 
arnoujist policemen, etc. They are patrolling up and down 
a bazaar and a dog suddenly rushes out and bites them in the 
dark and nothing more is seen or heard of the dog. Under 
these? eircunistanee.s, i.e., an unprovoked attack, it is better to 
assume that the dog was rabid and to send the patient up at 
once for treatment. 

“ (c) Dog is still a/u’e.— Under no circumstances should 
thf' dog be destroyed for, by so doing, one of the most important 
signs of Rabies, viz., the short duration of life, 2 to 3 days, is 
lost. 

“ If the animal shows no symptoms and remains alive and 
well for 10 days, the saliva cannot have been infective, and 
therefore, the bitten person need have no further fear, even 
should tlie dog develop Rabies at a later date. On the other 
hand, if the dog, whilst under observation during these 10 
<lays, ap|jears ill and if the person is bitten on the face or has 
been badly bitten elsewhere, i.e., many deep bites on bare 
skin, it is better for him to proceed at once to a Pasteur 
Institute, in order to avoid any delay in commencing treatment. 

“ If the animal should die within these 10 days, it may be 
surmised that it is rabid and treatment therefore becomes 
necessary. 

“ Persons bitten or licked by rabid animals more than two 
months previously are, as a rule, not treated. Most cases 
have either developed Hydrophobia or have, in all likelihood, 
escaped infection on the expiry of two months from the 
date of the bite or lick. Therefore treatment is not advised 
in such cases. 

“ In any case of difficulty or doubt a detailed telegram 
should be sent to the Institute stating symptoms, the cir- 
cumstances of the infection, etc., when an opinion can often 
be given. In cases where treatment is not necessary, this 
may save patients from the expense and trouble of a long 
journey.” 
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Anti-Eabic Treatment. 

Prejaaration of anti-ralbic VoGoine . — Rabbits are inoculated 
subdurally with Rabies fixed virus. On the 5th or 6th day 
the animal shows symptoms of Rabies and is killed when 
completely paralysed i.e., on the 8th or 9th day. The brain 
and spinal cord are removed, weighed and pounded up in 
carbolised saline. The required strength is made up and 
bottled in ampoules. 

Classification of cases.— For the purpose of treatment 
the cases of dog bite are classified as follows ; — 

Class I. Cases not bitten but in which the saliva of 
rabid or suspected animal has come into 
contact with fresh outs or abrasions (licks). 

Class II. Superficial but not extensive bites on the 
trunk and extremities (excluding the 
fingers). 

Class III. (a) All superficial bites on fingers. 

{h) Superficial extensive bites on all parts 
of the body except the head and neck, 
(c) Deep but not extensive bites on all parts 
of the body except the head and neck. 

Class IV.— (a) Deep extensive bites on all parts of 
the body. 

(6) All bites and scratches on the head 
and neck. 

Doses.— The doses prescribed for these classes are the 
following : — 

Class I. 2 per cent, anti-rabic vaccine 5 c.c. daily 
for 7 days. 

Class II. 2 per cent, anti-rabic vaccine 5 c.c. daily 
14 days. 

Class III. 5 per cent, anti-rabic vaccine 5 c.c, daily 
for 14 days. 

Class IV. 5 per cent, anti-rabic vaccine 5 c.c. daily 
for 14 days. 
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Anti- Typhoid Inoculation. 


During the treatment, patients are not in any way 
inconvenienced and not the slightest danger to health need be 
apprehended. The inoculations are unaccompanied by 
fever. A local reaction sometimes occurs about the 8th 
or 10th day of treatment, but it is never anything more than 
slight local redness and swelling which can be relieved easily 
by the local application of a hot water bottle or of hot 
fomentations. 

The duties of local authorities as regards this 

DISEASE ARE 

(1) Steps should be taken as may be practicable 

for informing the public as to the nature of the 
disease. 

(2) All cases must be duly reported and dealt with so 

as to prevent the spread of the disease. 

(3) All animals liable to take and communicate the 

disease may be muzzled, till the disease is 
stamped out, 

(4) Arrangements should be made for sending to the 

Pasteur Institute any human being bitten 
by a rabid animal as promptly as possible. 
Government, Municipalities and other local 
bodies pay all expenses to poor people, accord- 
ing to the rules laid down on the subject by 
Government, 

Work op Dog Destruction in Bombay. 

A dog-catching establishment is maintained in the 
city, the Government bearing half the expenses. The num- 
ber of dogs caught and destroyed averages 9,000 a year. 
The capturing of dogs is effected by means of American 
Buck-skin gloves. There are eight units working 
in the city. Each unit consists of — 
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(1) One overseer. 

(2) Two catcliers. 

(3) One driver with a specially constructed single bul- 

lock cart. 

The method adopted in Bombay for the destruction of 
stray dogs is as under. 

The Unit moves out after giving muster at the depot 
to which it belongs and searches the areas assigned to it 
for stray dogs. Public roads, streets and places are only 
visited. Dogs in private compounds or houses are not dealt 
with. The Police is referred to whenever complaints are 
received. 

The Catchers wear American Buck-skin gloves which are 
of special make and intended for this kind of work. They 
are also provided with one pair of tongs three feet in length 
with a catch-head of 3"x5". 

On spotting a stray dog on a road or public place, one of 
the catchers moves unconcernedly until he gets ahead of the 
animal. By this time the 2nd catcher gets as close as he 
can in the rear of the animal. Then catcher No. 1 turns 
round and moves slowly towards the animal. The animal 
wondering to himself as to what the catcher No. 1 is about, 
stands gazing at the figure moving towards him, and while 
in this state of perplexity, he remains unconscious of the 
movement of No. 2 who has in the meantime taken advantage 
of the enforced stand of the animal by laying hold of one of 
the hind legs of the animal, lifting it off the ground and 
giving it a quick whirl round. No. 1 runs up and with his 
gloved hand catches the dog by the muzzle and both carry 
the captive to the cart. Sometimes as the Unit is moving 
along, dogs are picked up straight off from the ground, the 
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catcher laying hold of the canine by the neck taking good 
care to keep the lower jaw under pressure of the left hand. 

The tongs are only brought in use in case of rabid dogs 
or when the dog to be captured is found to be too powerful 
and likely to be unmanageable for catching by means of 
gloves. 

After a sufficient number of captures have been effected 
the Unit moves back to the depot for registering its catch 
and taking a slij) from the clerk to the Officer in charge of 
the Lethal Cliamber. 

On arrival at the Lethal Chamber, the Officer in charge 
cluicks the slip with the number of dogs in the carts. The 
cart is then emjrticd out into the waiting barred 
enclosure. 

At 4 p.m. the captives are ushered into an iion barred 
cradle worked in conjunction with the Lethal Chamber, into 
which it fits when lowered. This cradle has suspension 
chains fitted with overhead traction wheels and pulley ar- 
rangement, for raising and lowering ; an iron girder over- 
hangs the centre of the Lethal Chamber and it is to this 
girder that the cradle is attached and along which it slides. 

The destruction or disposal of dogs thus cradled is 
secured through the medium of C 02 gas, with which the 
Lethal Chamber is charged, after the cradle containing the 
dogs is lowered in it. The subjection of the animal to the 
gas for a couple of minutes completes the operation, life 
being rendered extinct. 

The cradle is then raised out of the chamber and the 
carcasses removed and taken to the refuse Siding, from 
where along with other carcasses of animals, they are taken 
to Deonar, a place outside the limits of the city, for 
disposal. 




Cart for oatohing Dogs and the Dog Cradle ready for being 
lowered in the Lethal Chamber. 

Typhus Fever. 

Spotted Fever. Typhus Exantliematique. 

Prison Fever. 

An acute specific fever, characterized by sudden onset, 
a macular petechial eruption, and severe toxsemia. The 
fever after a definite course generally ends by crisis. 

The disease is rare in India. The incubation period is 
generally from 5—21 days, usually 12 days. 

Symptoms. 

The onset is generally rather sudden, being characterized by frontal 
headache, a feehng of chilliness, fatigue and malaise. There are pains 
in various parts of the body, of which pain in the chest giving rise to a 
49 
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suspicion of Pnouinonia is important ; marked rise of temperature (from 
lOr to 104° F.), quick pulse, flushed face and suffused eyes, quickened 
respirations and a sensation of weakness. The nervous system is early 
affected, the patient heing apathetic and drowsy, with a dull expression. 

Ijeucocytosis is well marked. 

The <Iifferential leucocyte count is of importance, the poly-morpho- 
molear increase is a characteristic feature, and may exceed 90 per cent, 
while the mono-nuclears andlympho-cytes may be reduced, and the eosino- 
philea are often entirely absent. 

About the 4th to 6th day the typical rash appears. This is not easily 
discerned in coloured people. 

About the 8th to 9th flay a pseudo-crisis may be noticed and later 
the eruption fades and disappears. 

The temperature falls by crisis on the 10th to 12th day, or by lysis 
during the two days, to normal, and convalescence begins. 

Recovery is usually quick and relapses extremely rare. Ten days or a 
fortnight after the fall of temperature, the patient will probably be con- 
valescent, free from infection and fit to be discharged. Death may take 
place during the first week or about the 10th day from toxaemia. 

The important diagnostic signs are tbo leucocytosis, the rash, and the 
extreme nervous prostration. 

Compared with Relapsing Fever, Typhus shows a less abrupt onset and 
marked mental symptoms (stupor) and dark macular eruptions about 
the trank, on the 4th to 6th day. 

Typhus Fever probably more nearly resembles Plague at its onset than 
any other disease. There is marked clouding of the consciousness and 
intense prostration as with Plague and the eruption does not appear before 
about the 4th day. 

It is a disease associated with poverty and filth. It 
occurs in temperate climates, mostly in winter and spring. 
It is uncommon in warm climates. 

The disease is now believed to be transmitted by the 
agency of body lice. These live in clothing and bedding and 
are never far removed from their hosts. They are delicate 
creatures and require nourishment at frequent intervals. 

For this reason the problem of extermination of lice 
resolves itself iuto the question of the efficient cleansing of 
the person and clothing. 


Typhus Fever— Prophylaxis. 
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There is also evidence that the virus of Typhus Fever can 
be transmitted by lice through the eggs to their offspring, 
and for this reason all measures directed against the louse 
on grounds of infection should be extended also to the eggs. 

Lice are most infective 5-7 days after feeding on a patient 
which indicates that the virus probably undergoes some 
development in the body of the louse. The virus is filterable. 
Guinea pigs and apes can be infected by injection of blood 
drawn during the febrile stages. 

Minute rod-shaped bodies (Rickettsia prowazeki) with 
polar staining have been found in typhus blood and in the 
stomach and salivary glands of infected lice. They are 
probably protozoa and may be the real cause of the disease. 

Prophylaxis. 

Destroy the lice and dismfect the clothing and bedding. 
A temperature of 160° F. to 175° F. is sufficient to kill lice 
and their ova. 

Whenever a case of Tjphus is discovered in a house, not 
only the clothes and beddiug of the patient should be disin- 
fected in a sterilizer but also those of all other members of 
the family. In addition to the patient, any persons occupying 
the adjoming rooms should be given a good bath and all 
their ecto-parasites carefully removed by washing, followed 
by an application of camphorated ointment. Any room 
occupied by the patient and also those adjoining should be 
disinfected with sulphur fumigation. 

Some believe that infants seem to possess a natural 
immunity against the infection, which gradually dimmishes 
as they grow older. 

There is little danger of direct iofection from a Typhus 
patient when he is kept under hygienic conditions ; any 
contact with unwashed patients or their clothes or bedding 
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is very dangf'rous, as sliown by the number of cases occurring 
among washer-women, porters, hospital attendants, &e. 

Life Histoky of the Human Louse. 

The human louso ftelongs to the Pediculidffi or Lice family (Anoptera), 
of whif'h three specie, s infect man in India, viz., (a) the Head Louse, (b) 
the Body Lou.se, and (c) the Puhic or Crab Louse, 

(a) The Head Louse or P. Capitis. 

Ah its name indicates, it is found on the head. 

It i-i an iii'iimt of a gn^yish colour, with a flat, slightly transparent body. 
There are black spots on the spira<‘Ics. 

The head, wliich is oval, is furnished with two thread-like antennse 
compos(id of five joint, s, which are constantly in motion while the creature 
is walking. Its eyes are black, round and of simple structure. In front 
of the licail is a short, conical fleshy nipple. This contains a sucker, which 
the inHc(.‘t (iiin pui. out when it likes, and which, when extended, represents 
a tubular body, terminating in 6 little pointed hooks, hent back and serving 
to retain the instrument in the skin. 

The limb.s are very thick, terminating in a strong nail, which folds hack 
on an indented projection, thus forming a pincer, by means of which it 
fastens itself to a hair. 



The P . Capitis is between the P. Corporis and the P. Pubis in size. The 
shape of the thorax and abdomen helps in distinguishing P. Capitis from 
P. Corporis, both of which are greyish in colour. The eggs or “ nits ” of 
P. Capitis stick to the hairs of the head. Prom their position on the hair 
one can judge of the duration of the condition, for they are fixed at fiirst 
near the root of the hair and are then carried up with the latter in its 
growth. 

The lugher up the nits are, therefore, the longer have the pediculi been 
present. 



Life Histoey of the Louse. 
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The young are hatched in about 6 or C days ; and in 18 days are able 
to produce their kind. 

(6) The Body Louse or P. Corporis. 

It is greyish in colour. It is the longest and narrowest of the three. 
It varies somewhat in colour wdth that of its host. It is larger than the 
head louse and less bristly. 



It infects beggars, people of unclean habits and those who through force 
of circumstances are unable to have frequent changes of garment and baths, 
e.g., soldiers on active service. It should be looked for in the seams of the 
clothes, especially where the latter come in close contact with the skin, 
e.g,, over the shoulders. 

(c) The Crab Louse or P. Pubis. 

It is found on the parts of the body covered with short hairs, usually in 
the vicinity of the pubis and axilla. It is readily communicable from 
person to person. 



It is the shortest and broadest of the three, and is yellowish-brown in 
colour. 
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In tlie casft of the body louse, the eggs take one to five 
weeks or longer to incubate according to temperature. The 
young louse, when just hatched, sucks blood at the earliest 
opportunity. It is however not sexually mature : after 3|' 
months the growth is complete and the insect is sexually 
mature. The females lay 100—200 eggs. They are vor- 
acious feeders and do not stand starvation for more than 2 
days. They are very sensitive to heat and drying and 
succumb at temperatures above 25® C. unless the air be 
kept nearly saturated with moisture. They live in clothing 
and bedding and feed several times in the 24 hours if oppor- 
tunity be given. 

The, body louse obtains its nourishment entirely by sucking 
blood. It is provided with penetrating instruments, the 
apposition of which forms a canal through which the blood 
is pumped into the stomach by a pharyngeal pump similar 
to that of the flea. 

The infection of Typhus is supposed to circulate in the 
blood during and for some time after the febrile period and 
it is taken up by lice when they feed upon a patient. The 
infectivity of lice endures for about seven days. 

Destruction and Avoidance op Lice. 

For the head lou.se, when the condition is very bad, the 
hair should be cut short or shaved. Repeated saturation 
of the hair with turpentine or with paraffin oil is usually 
efficacious. 

In the case of the body louse, the clothing should be 
thoroughly disinfected in a special apparatus. To allay the 
itching, a warm hath containing 4 to 5 ounces of bicarbonate 
of soda is useful. 

For the P, Pubis, Aimnoniated Mercury or ordinary 
Mercurial ointment may be used, and the affected parts 
should be washed 2 to 3 times daily with soft soap and water. 



Destruction op Lice. 


775' 


Prof. Maxwell Lefroy recommends tlie following measures 
for tke avoidance and extermination of lice : — (1) Wlien 
exposed to lice, protection can be obtained by smearing tbe 
skin with a small amount of crude oil emulsion, rubbing 
it in tbe hair, applying it in the stockings, inside boots or 
puttees and along the seams of clothing. It can be used as a 
soap when bathing and a little rubbed on the skin afterwards. 
The form of crude oil emulsion has been adopted by the 
Army Medical Corps under the name of VermijelU to be 
used with N. C. I. Powder. 

Crude Oil Emulsion. 

Crude mineral oil . . . . 56 grms. 

Soft soap . . . . . . . . 30 „ 

Water . . , . About 6 c. c. 

Major Lelean’s formula for N. G. I. powder. 
Powdered napthaline . . . . 96 per cent. 

Creosote . . . . . . . . 2 „ 

Iodoform 2 ,, 

2. If actually infected with vermin, rub YermijeUi on 
the hairy parts of the body and on the seams of under- clothing 
and trousers ; dust N. C, I. powder on the body and on the 
inside of under-clothing. 

3. Vermin, i.e., lice, require single upstanding hairs or 
fibres on which to lay eggs, and wool ofiers the most suitable 
medium owing to the immense number of isolated fibres 
that stick out on the surface. Silk clothing is less suitable 
because the fibre is continuous and ends do not stick up on 
the surface. 

Wool can be made vermin-proof by VermijeUi. 

The emulsion should be used in the hospital laundry as 
soap or in combination with other soaps. 

Crude oil emulsion, if prepared from suitable oil, is not 
inflammable ; it is non-poisonous and it may be retained 
upon the skin indefinitely . 
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Moore’s Powder: Creosote, 1 c.c., Sulphur 0 . 5 gm.; and 
talc 20 gins, will l^e found much less irritating and far more 
effective than the N. C. I. jjowder mentioned above. 

Those attending on cases should wear gowms closely 
fitting at neck and wrists and rubber gloves. Better still 
would be “ unionalls ” with stocking, extremeties to go 
over the shoes. 

Malta Fever or Mediterranean Fever. 

Malta Fever or Mediterranean Fever is a specific infectious 
fever of extended duration and frequent relapses, charac- 
terised hv copious diaphoresis, and frequently accompanied 
hy articular rheumatism and orchitis. Incubation period 
varies from 5 to 1 5 days. 

A special bacterium, Brucella melitensis, is found in 
the spleen and lymphatic glands of the patients. It is 
excreted in the urine, and it occurs in great abundance in 
the milk and urine of apparently healthy goats in Malta 
(10 per cent.) and cows, and in the urine of apparently healthy 
man. The B. melitensis is closely related to Brucella abortus, 
the cause of contagious abortion in cattle. B. abortus also 
causes Malta fever in human beings. 

In Malta and other places, where the disease is endemic, 
this fever assumes an epidemic character. 

Mode of infection . — ^It is not usually directly communi- 
cable from the sick to the healthy. The germ is readily 
conveyed hy inoculation ; the prick of a contaminated needle 
will suffice. G-oat’s milk is the most important medium of 
infection. In 10 per cent, of the milk of Maltese goats, the 
micrococcus is present. 

Prophylaxis . — ^The following measures suggest them- 
selves 

fl) Isolation or destruction of infected goats. 

(2) The avoidance of goat’s milk. 


Dengue. 
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(3) TKorougL. boiling of goat’s milk before use. This 
is the most economical and the most practicable protective 
measure. By its observance alone in the absence of all other 
measures, the disease was stamped out from among the 
naval and military forces of Malta. 

Vaccines have been tried with apparent success as a 
prophylactic measure. 

Dengue. 

A specific febrile disease, peculiar to warm climates, occur- 
ring usually as a rapidly spreading epidemic and, in typical 
cases, characterised by a suddenly developed primary fever 
of about 3 days’ duration, succeeded by a period of apyrexia — 
actual or relative — and this again by a milder secondary 
fever accompanied by a rubeoloid eruption. Throughout 
the febrile stages, and often subsequently, severe rheumatic- 
like pains are a prominent symptom. The diseav^e in its 
active form lasts about a week and is attended with little 
if any, mortality. 

Back-ache and pains about the muscular attachments 
at the joints and especially a marked post-orbital soreness 
are important features. 

Etiology . — Like Yellow Fever, the disease is due to a 
filterable virus present in the patient’s blood from the 2nd 
to the 5th day. It is transmitted by the mosquito 
Aedes Egypti. (Stegomyia fasciata). 

It can be communicated by inoculation of infected blood. 

High atmospheric temperature appears to be one of the 
conditions the disease demands. Like Yellow Fever it would 
appear to prefer the coast line and the deltas and valleys of 
great rivers, but there are many exceptions to this rule. 
Further, elevated places usually enjoy a relative immunity. 

Incubation . — ^The period is somewhat variable, 

1 to 5 days usually, however, probably 1 to 3 days. 

The disease manifests itself with striking suddenness. 
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Convalescence is apt to be protracted and characterised 
by malaise and nervous depression. 

Prev(mtum.--Th.m rests on the prompt isolation of the 
patient and the prevention of the mosquito from biting a 
patient. The virus is stated to be in the blood for a period 
of 4 or 5 days. 

Vigorous anti-mosquito measures must be carried out in 
the area. 

Trypanosomiasis of Man or Sleeping Sickness. 

Sleeping Sickness is caused by the entrance into the 
blood and cerebro-spinal fluid of special species of Trypano- 
some. Monkeys, rats, dogs, cattle, horses and camels are 
susceptible to this form of the disease; but up to the present, 
guineapigs, donkeys, goats and sheep have not been found 
to be so. 

The Trypanosome gamhiense is transmitted from the 
sick to the healthy by one species of the tsetse fly, the 
Glossina palpalis. The T. Rhodesiense is transmitted by 
another species the Glossina morsitans. The distribution of 
Sleeping Sickness and of Glossinee correspond. 

The Glossina palpalis is generally found near water and 
requires a cool, shady, not too dense, undergrowth to thrive 
in. G. Morsitans prevalent in Rhodesia breeds in any 
locality. The tsetse fly is not unlike the ordinary house fly, 
but on examination it will be found to diflier very markedly. 
It has in front a long straight proboscis with which it sucks 
blood. 

Fly belts.— The fly occurs in well-marked tracts, the so- 
called “ fly belts of Africa.” 

It lives exclusively on blood and feeds on any animal. 

Koch considers that G. Palpalis is especially partial to 
crocodiles. 

Incubation period . — 2 to 3 weeks ; may extend to some 
years. 
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Symptoms. — Tlie bite of an infected Glossiaa is followed 
by local irritation and fever recurring at irregular intervals. 
The cervical glands are enlarged and tender ; skin affections 
and local oedemas are present ; the spleen and liver are 
enlarged. 

The condition known as Sleeping Sickness is the terminal 
stage of Trypanosome infection. The average duration of 
this stage is from 4 to 8 months. 

Methods of Prevention. 

As in the case of Malaria, there are two broad principles 
to be recollected in conducting operations for the prevention 
of diseases disseminated by the tsetse fly : — 

(I) Operations directed against the fly. 

(II) Operations directed against the parasite which the 
fly transmits. 

In regard to the prevention of the spread of Sleeping 
Sickness, the above principles may be applied practically 
in the following directions : — 

I — OperaMons directed against the fly. 

Destruction of the pupae of the fly. — (a) By the clearing 
of undergrowth, particularly near towns, encampments, fords^ 
etc., in fact, wherever human beings are brought together 
ia numbers. The clearing is best effected by burning. The 
heat generated by the fire, and the exposure of the air to 
the full effects of the sun’s rays by removing the shady 
undergrowth render the district unsuitable for the fly by 
raising the temperature above the point favourable to the 
development of the njonphse. So in time the fly will die out 
of these “ cleared areas.” The fly does not exist apparently 
in hot, dry countries, e.g., Eg 3 ! 3 )t and India, probably owing 
to the fact that the nymphse cannot develop under condi- 
tions found in these countries. 
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{h) Dextrurlion nf the foodstuff of the fly. —Ulie fly, as lias 
been seen, lives almost exclusively on blood ; hence if de- 
prived of th(? source of food supply, a diminution in numbers 
in the iirst instance and, ultimately, complete eradication 
might be (‘xpected. If the views of Koch be correct, the 
problem is further simplified : because he is of opinion that 
the crocodile is the chief source of supply of food for the 
G. Palpiilis, and lie has accordingly recommended the whole- 
sale destruction of these animals. 

1 1 .— (J-pemtions directed ayainst the parasite which 
the. fly transmits. 

It is obvious tliat if we can devise means for preventing 
the fly from becoming infected by the Trypanosome it will 
ceiist^ to fai a disseminator of Sleeping Sickness. In the 
case of animals infected by trypanosomes, the problem 
I is comparatively sinqde and consists in the slaughter of such 

I animals as are found liarbouring the parasite, and in this 

f way the disease is stamped out gradually. In the case of 

man, means have to be discovered by which it will be possible 
to completely destroy all the trypanosomes without damaging 
seriously the host. This problem has not yet been solved 
but it is engaging the serious attention of a number of 
investigators. 

( Destruction of Trypanosomes in the vertebrate 

HOST BY DRUGS. 

TreatmeiU . — Persistent and energetic use of arsenic 
or antimony or both. Intramuscular injections of prepara- 
tions like atoxyl, soamin, arseno-phenylglycin, arsacetin, sal- 
* varsan, etc., have been tried. Atoxyl in large doses is apt 

to give rise to optic neuritis and consequent atrophy and 
blindness. 

Antimony in the form of sodium tartrate hypodermically 
has been shown to cause disappearance of T, lewisi in infected 
rats. 
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Germanin, 1 grm. in 10 c.c. of water, given intra- 
muscularly once weekly, up to 10 grms. has been found 
useful especially in the early stages. In later stages Trypar- 
samide by the intra-muscular or intravenous route is indicated. 
The initial dose is 1 grm. in 10 c.c. of water followed by 2 grm. 
thrice weekly up to 24 grm. 

Preventive Measures. 

7. Isolation cam^s.— -These camps are situated in selected 
fly-free areas,” and receive the more advanced cases of 
Sleeping Sickness from the ‘‘fly areas.” Every case of 
Trypanosomiasis, which is removed from the fly area, removes 
one source of infection for the fly. In these camps the patients 
are maintained and treated with drugs which have proved 
efficacious. 

11. Detection of all harbourers of the Trypanosome and 
prevention of their movement into ''clean fly -areas. ’’—As 
will be readily understood, this is one of the mosst important 
methods of checking the spread of Sleeping Sickness ; but, 
in order to put it into practice, it is absolutely essential 
that we should have a practical and certain means of detecting 
the harbourer of the parasite, even in the initial stages 
of the malady. Fortunately, the exact recognition of early 
cases of Sleeping Sickness has now been rendered easy and 
certain by the method of gland puncture. The juice of 
the enlarged glands of cases of Sleeping Sickness, especially 
the posterior cervical, shows many actively motile try- 
panosomes. Some of the juice can be obtained readily by 
puncturing a superficial gland in the posterior triangle of 
the neck with a hypodermic needle. The fluid is examined 
under a low power, 150 to 200 diameters, when the actively 
motile trypanosomes can be readily detected. In practice, 
the posterior cervical glands should be palpated and, if 
found to be enlarged, the traveller should be further ex- 
amined by gland puncture to determine the presence or absence 
of tr 5 rpanosomes in the gland juice. If the trypanosomes 
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are found to be present, the person should not be allowed 
to enter a tsetse fly-belt. 

A convalescent from the disease, migrating to another 
country, should be periodically examined and kept in a fly- 
proof ward until he is pronounced free from infection. 

The Tsetse Fly. 

The Glossinse have very thick proboscis, and large wings 
having characteristic venation. The most strilcing peculi- 
arity in the wing is the course of the fourth longitudinal 
vein, which bends abruptly upwards about the middle. 
The Glossinse are never found in mountains ; they are seldom 
seen above 3,000 ft. ; they are rarely found in close cultivation. 
Their habitat is always in the neighbourhood of open water 
along the banks of rivers. They are most numerous along 
the water’s edge, The essential conditions of a tsetse station 
are—the presence of open water, a wooded district and a 
loose soil 

Reproduction Glossinse do not lay eggs, but the 

eggs hatch and the larvse feed, develop and moult within the 
body of the parent, so that when extruded they have practi- 
cally reached the pupa stage. 

Tsetse flies are voracious blood-suckers. They 
bite almost exclusively during the day. Both males and 
females are blood-suckers. 

Trypanosome, 

In 1902 Castellani in Uganda discovered trypanosomes in 
the cerebro-spinal fluid, as well as in the blood of cases of 
Sleeping Sickness. 

The trypanosome after entering the intestinal canal of 
the tsetse fly undergoes developmental changes requiring a 
considerable space of time for their completion. 

These enable it subsequently to effect a lodgement in 
the human or other vertebrate host. The Tsetse fly is no 
mere mechanical transmitter of the trypanosome but is 
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a true intermediate iiost. From twenty days onwards 
to tlie forty-seventh, day the flies convey infection {Kleine 
and Bruce). Bruce and his co-workers have found in 
Nayasland 1 . 35 per cent, of all wild tsetse flies infected with 
one or other of the disease-producing tr 3 ^anosomes. 

Eegulations issued by the Government op Bombay. 

If a case of Sleeping Sickness occurs on any vessel after 
she has entered dock or has been moored at a wharf, the 
master shall forthwith cause information thereof to be given 
to the Dock Master or Superintendent of the wharf, who 
shall communicate the information to the Health Officer of 
the Port (through the Port Officer) and to the Superintendent 
of Police, and shall be responsible that the sick person is 
isolated as far as possible, and that free communication with 
the wharf is stopped until the Health Officer has inspected 
the vessel. 

The Health Officer shall remove to a place appointed 
for the purpose in a building, permanently and effectually 
protected from access to biting flies by means of fine wire 
gauze netting, every person found on board suffering from 
or suspected to be suffering from Sleeping Sickness, and 
every such person shall be detained for observation and 
treatment in the said hospital or place, or any other hospital 
or place to which the removal of such persons may be autho- 
rized by Government, and shall be isolated in such a manner 
as will prevent as far as possible the communication of the 
disease to other persons by the agency of biting flies, and 
shall continue to be so detained and isolated until a medical 
officer, authorized in this behalf by Government, certifies 
that he is not suffering from Sleeping Sickness or that having 
suffered from the disease he has been cured. 

The Health Officer shall inform the Municipal Health 
Officer in every case in which a person suffering or suspected 
to be suffering from Sleeping Sickness is removed under 
his orders to a hospital, or other place within Municipal 
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limit, s ainl, in cases in which the disease has not been definitely 
diagnosed at the time of removal, shall also report to the 
Municipal Health Officer whether the diagnosis is confirmed 
or not, 

All pfusons removed to hospital or kept under observation 
at any place shall obey and conform to the rules, regulations 
and orders for the time being in force at such hospital or 
place. 

Relapsing Fevers. 

Relapsing Fevers are a group of specific fevers caused 
by a .spirochaete (spirillum) present in the blood and 
cbaracterisfid by febrile attacks varying in duration. 

The spirochtetes are conveyed by the bite of an insect. 
There are various species of the parasite more or less peculiar 
to Io<avI areas and conveyed by appropriate biting agents. 

The disi'ase occurs all over the world chiefly amongst the 
poor and uncleanly; bad food, defective sanitation, famine 
and overcrowding are predisposing causes. 

Redapsing fever, formerly confused with Typhus and 
T37phoid Fever, is quite distinct from either. It is distinguish- 
ed from Typhus by the occurrence of the relapse, and from 
Typhoid Fever by the absence of intestinal lesions. In this 
disease, as in others in this group, the period of incubation 
varies much, the range being from less than a day to three 
or four weeks, generally 5 to 7 days. It may be wholly latent 
for about a fortnight. Then there is probably a little malaise 
and nausea, followed by rigors, headache and pain in the 
back and limbs. There is also fever, which may run rather 
high, hurried breathing, cough, a flushed face, and yellow 
colouration of the skin due to jaundice. There is generally 
no rash, but, not uncommonly, rose-coloured spots appear 
on the chest, abdomen and limbs. This rash may come out 
on the third day of the fever, or not till the fifth, and disappears 
in a day or two. In some epidemics the appearance of a rose 
rash has been the rule. After the onset it is probably five or 
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six days before the disease will be recognised. The persistent 
yellow colouration of the skin and the rash if present will help 
the practitioner to a correct diagnosis which may very readily 
be confirmed by an examination of the blood if this has not 
been done already. The dullness over the spleen is always in- 
creased, and usually the dullness over the liver is also increased. 
There is also often distressing bilious vomiting and much 
thirst. After these symptoms have continued from fi.ve 
to nine days, there is a sudden crisis (which may be marked 
by diarrhoea, profuse perspiration, a rigor, &c.), and im- 
mediately the patient feels well. The crisis and the accom- 
panying fall in the patient’s temperature are almost 
always at night. The relapse generally occurs on the four- 
teenth day after the fever originally commenced ; thus the 
intermission is of varying duration. The relapse is ushered 
in by rigors and lasts from three to four days, the symptoms 
being those of the primary fever and as severe. The second 
crisis is also abrupt, and followed by convalescence. Some- 
times there is a second relapse, and even a third and fourth, 
the S3rmptoms in these being less severe. During the inter- 
mission and after the relapse the temperature is sub-normal. 

Although one of the names given to this disease is “ Damine 
Fever,” epidemics have occurred when work was abundant 
and there was no scarcity of food. Still it is eminently a 
disease of the very poor and commonly associated with 
destitution. As a rule, it is not a very fatal disease. 

The Eelapsing Fever of Europe and India is conveyed 
by the body louse ; that of Africa by ticks {OmitJiodoros 
mouhata). 

The various insects and other transmitters act merely 
in a more or less mechanical way. The spirochsete is abstracted 
with the blood when the insect-transmitter feeds ; it multi- 
plies in the gut and is afterwards passed out with the feeces 
and deposited on the skin of any human or other warm blooded 
victim on which the infected insect may subsequently feed. 

60 
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The irritation caused by the bite of the insect provokes scratch- 
ing and oouseqiient inoculation of the deposited spirochsetes. 

In the case of Ornithodoros mouhata, the hereditarily 
infected nymph can communicate the disease. 

Peevention. 

Prevention is easy for those who are careful about 
cleanliness of bed, bedding and clothing and protect 
themselves by avoiding infected areas. 

Disinfection of bedding, clothes and bMs, sleeping cots 
and infected dwellings should be carried out. 

Filariasis and Elephantiasis. 

Filariasis is infection of man, mammals, birds, etc., by 
various species of the genus Filaria. 

Pilariae are long slender worms of almost uniform breadth. 
They have an incurved or spkal tail. 

Of human filarise man is the definitive host, and certain 
species of mosquito (Culicidse) the intermediary host. 

Filaria hancrofti.—lt is |ound widely distributed in 
every tropical and sub-tropical country. The sexes are 
usually found in association up to 6 or 7 in number, all coiled 
up together and lying in the lymphatics of the trunk or 
extremities. 

The young filaria; are ejected into the lymph surrounding 
the parent and are carried to the blood stream through the 
lymphatics and the thoracic duct ; in the blood stream they 
exhibit a curious periodicity. At about 8 or 9 p.m. these 
small embryos (micro-filarise noctiirna) begin to appear in 
the peripheral blood increasing in numbers up to midnight and 
gradually decreasing thereafter until 6 or 7 in the morning. 
During the day they retire to the lungs and the larger blood 
vessels ; thus they are found in the blood only at night time. 
Many species of mosquitoes have been found to act as hosts 
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under artificial conditions, but the natural carriers of filarise 
belong to the species, Culex fatigans. 

About an hour after the mosquito has gorged the infected 
blood, the blood becomes viscid. The parasites then bore 
through the wall of the mosquito’s stomach and reach the 
muscles in 12 to 18 hours where they undergo further 
development. They then work their way through the 
muscular tissues till they reach the neighbourhood of the 
mosquito’s saliyary glands and pass into the neck, when one 
or more can readily enter the substance of the labium. When 
this mosquito next feeds on man, the filarise gain a fresh 
human host, and ultimately find their way to the lymphatic 
trunks where the union of the sexes may occur, and the 
swarm of embryos is eventually poured into circulation thus 
completing the endogenous and exogenous cycles. 

The presence of parent filaria in the lymphatics leads 
to 

1. Lymphangitis. 

2. Varicose glands. 

3. Lymphatic varices. 

4. Chyluria. 

5. Elephantiasis, 

6 . Chylous Ascites and Chylpus Diarrhcea . 

Elephantiasis is by far the most frequent manifestation 
of filarial invasion and exceedingly common in some of the 
endemic districts. 

The lower extremities are most commonly afiected. 
The scrotum, arms and mammae are more rarely attacked. 

Prophylaxis op Filarial Disease. 

1. Anti-Mosquito measures.— Unprotected wells, tanlcs, 
or stagnant pools should not be permitted in the neighbour- 
hood of dwelling-houses. All the vessels used for storing 
water should be emptied at least once a week. 
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3. hoklion of the infected— T!h.e person sufEering from 
Filaxiasis should he regarded as dangerous to the oom- 
mirnity and compelled to sleep under a mosquito net. 

3. The use of mosquito-nets by all living in the endemic 
area. 

Cerebro-Spinal Fever. 

Epidemic Cerebro-Spinal Eever is an acute infectious 
disease caused by the Diplococcus intracellularis of 
Weichselbauni. It is characterised by ah initial naso- 
pharyngeal catarrh which may not progress further, but if it 
does, a generalised septicsemia results, followed by localisation 
in various parts of the body with consequent inflammation 
of these parts ; the commonest sites being the meninges, 
brain, and spinal cord, giving rise to Meningitis, with 
varying degrees of Encephalo-myelitis. The other parts of 
the body most affected are the lungs, joints, pericardium and 
glands, whilst ulcerative endocarditis may also occur. 

% 

Etiology. 

Age,— The disease is one of childhood and young adult 
life ; and although the incidence tends to decrease slightly 
with age, no age is exempt. 

The male cases out-number the female. 

Occupation.— The disease has always been recognised as 
being more or less peculiar to military camps and barracks. 

The disease is more common during the colder 

months. 

Previous health has apparently no bearing whatever on the 
incidence of the disease ; many sufferers have been in perfectly 
sound health prior to the attack. 

Mode of dissemination.— OreiGiowdmg and fatigue in- 
crease the liability. It is now considered to be a definitely 
contagious disease. 
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Tke diplococcus can be isolated from the throat (naso- 
pharynx) of Cases of Meningitis, especially if examined early in 
the disease. The majority harbour the germ in their throat 
during the first week of the disease, and thereafter the germ 
is progressively more difficult to demonstrate. But even 
fully admitting the contagiousness of the disease^r the com- 
paratively small number of cases where a history of contact 
with a previous case exists, the relative rarity of multiple 
infection in the same house, and the irregular geographical 
isolation of certain cases during an epidemic, all combine to 
necessitate another theory, viz., the carrier theory. This is 
now the accepted view. 

From numerous observations made, it seems highly pro- 
bable that the chief mode of transmission of the disease is 
during sneezing and coughing by droplet infection of the air 
by mouth spray. 

Incubation 'period.— Eot definitely known as yet. It is 
probably between 1-5 days. 

Eoute op invasion of the Meningococcus. 

The site of primary incidence is the naso-pharynx. From 
there the organisms may reach the pia-arachnoid by two 
paths : — 

(1) The transnasal route .— direct spread through 

lymphatics to the pia-arachnoid over the nasal 
sinuses. 

(2) Via the blood stream . — Producing a primary 

meningococcal septicaemia with secondary locah- 
sation on the meninges. 

Prophylaxis. 

Isolation and segregation of contacts and disinfection of 
the nasal passages. 

The precautionary measures adopted for Influenza may 
be enforced in this disease also. 
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For BomUy Pr^sidmcy (excluding the City of Bombay) the following 
temj»orary re<iiiia1ion>^ have l»eeii notified by Government, No. 570 (General 
D(’partmen1.) i)f 01 h September 1921 : — 

(krehro-Spinal Fever Regulations. 

(1) Appointment of special ofiieerto carry out all measures necessary 
to prevent the spread of this di.sease. 

(2) Notification of outbreak. 

(3) Intimation of eases. 

(4) Segregation and disinfection : — 

(а) Isolating the patient ; 

(б) Disinfecting clothes, vehicles or other property exposed to 

infection. 

(5) Di sin fcction of buildings, 

(6) RegimitUni of huildings. — The District Magistrate may take 
possession (4 and occupy any vacant ground or building for the purpose 
of a camp, fir hospital or dispensary. 

(7) Dtistitute patients may l)e removed to the nearest hospital. 

(8) Public meetings. — If it appears to the District Magistrate that 
any public meeting, theatrical or cinema performance or any gathering 
of persons in any hall, theatre or public building is likely to spread the 
disease, ho may after giving duo notice to the conveners or management 
of such building, gathering or performance prohibit the holding of the 
same. He may also close schools. 

(9) Spitting in public may be prohibited. 

(10) Public conveyances, waiting rooms, etc,, include tramway and 
railway rolling stock and premises such as waiting rooms, offices, etc., used 
in connection therewith. 

(11) Infected travellers. — The person in charge of any conveyance 
that has heen used to carry a case of Cerebro-spinal Fever shall be respon- 
sible for— 

(a) Removing the person so infected ; 

(b) Arranging for his accommodation and treatment at the nearest 

suitable place; 

(c) Notifying the facts to the relatives of the patient and the 

local civil authority ; 

(d) Properly disinfecting the conveyance used by the patient. 

(12) Examination of travellers. 

(13) Overcrowding of railway carriages. — Overcrowding should be 
avoided and sufficient windows should be kept open to ensure proper 
ventilation. 
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(14) Co-operation of tke Police. 

(15) Qo)nplia,nce with regulations. — Every person to whom any order 
or requisition is directed under these regulation.s shall duly comply with 
the same. 

(16) Penalty. — Whoever shall disobey shall be liable to be prosecuted 
under Section 188, Indian Penal Code. 

Leprosy. 

Definition .— is a chronic infective granulomatons 
disease produced by a specific bacterium, and characterised 
by lesions of the skin, nerves and viscera eventuating in local 
anjesthesia, ulceration and a great variety of trophic lesions. 
After a long course it is almost always fatal. It is a disease 
of tropical and sub-tropical countries. 

In India, in 1931, there were said to be 147,911 lepers 
in a population of 352,986,876 — a ratio of about 4.2 per 
10 , 000 . 

Leprosy is found in all climates and on all kinds 
of geological strata. Social conditions are an important 
factor in determining distribution : its endemic prevalence 
appearing to be bound up in some way with uncleanly habits, 
squalor and poverty. 

Bacillus lepras have been found in the nasal mucus of 
lepers. The initial lesion of the disease is a specific ulceration 
of the septum of the nose. The bacillus is also found in all 
leprous deposits and in the specific lesions of the liver, spleen, 
testes and lymphatic glands. 

Prevention. 

With few exceptions, the best authorities believe that 
Leprosy is propagated by prolonged contact. A sure and 
the most effectual way of suppressing the disease is thorough 
isolation of existing lepers. Where possible, lepers shoidd be 
segregated in isolated asylums which should be so conducted 
as to prove attractive. Lepers ought not to be allowed to beg 
in the streets, to keep shops, or to handle, food and clothes 
intended for sale, to wander about the country as pedlars or 
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mendicants, to liire themselves out as servants or prostitutes, 
or to frequent fairs and public places. All lepers with ulcers 
should be more scrupulously isolated, their discharges, clothes 
and dressings being systematically destroyed or disinfected. 

Among other measures may be mentioned 

Scrupulous and systematic attention to personal and 
domestic hygiene and cleanliness ; frequent bathing and 
free use of soap ; frequent change of underclothings : good 
food, fresh air, light work and the avoidance of fatigue and 
of exposure to bad weather. 

TheBomhuyLeperx\ctlSh>.IIIof 1898 authorises the Police 
to segregate pauper lepers in the Matunga Leper Asylum 
of Bomljay after they are exammed and certified by the 
Police Surgeon. This Act was based on the findings of a 
Commission (that sat in the year 1891) who were of opinion 
that Leprosy was not a contagious disease. Since then rapid 
strides have been made in the knowledge of this disease, and 
the conclusion arrived at by the International Conference, that 
met in Bergen in the year 1909, are vastly different from those 
made by the Commission of 1891. 

Some of the conclusions arrived at as the result of the 
deliberations at the Bergen Conference are as follows 

1. Leprosy is a disease which is contagious from person 

to person, whatever may be the method by which 
this contagion is effected. Every country, in 
whatever latitude it is situated, is within the range 
of possible infection by Leprosy, and may, therefore 
usefully undertake measures to protect itself. 

2. In view of the success obtained in G-ermany, Ireland, 

Norway and Sweden, it is desirable that other 
countries with Leprosy should proceed to isolate 
their lepers. 

3. It is desirable that lepers should not be permitted to 

follow certain occupations which are particularly 
dangerous in respect to the contagion of Leprosy. 
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In every country and in all cases the strict isolation 
of leprous beggars and vagrants is necessary, 

4. It is desirable that the healthy children of lepers 

should be separated from, their leprous parents as 
soon as possible and that these children should 
remain under observation. 

5. An examination should be made from time to time 

of those who have lived with lepers by a competent 
physician. 

The British and Colonial delegates to the Conference had a 
meeting at which they drew up additional resolutions, which 
in their judgment embody, when read in conjunction with 
official resolutions of the Bergen Conference, the line of 
administrative policy which it is desirable to adopt for the 
prevention of Leprosy throughout the British Empire, so far as 
local circumstances permit. These resolutions are as 
follows;— 

1. Leprosy is spread by direct and indirect contagion 

from persons suffering from the disease. The 
possibility that indirect contagion may be effected 
by fleas, bugs, lice, itch, parasite, etc., has to be 
borne in mind. Leprosy is most prevalent under 
conditions of personal and domestic uncleanliness 
and over-crowding, especially when there is close 
and protracted association between the leprous 
and non-leprous. 

2. Leprosy is not due to the eating of any particular 

food, such as fish. 

3. There is no evidence that Leprosy is hereditary; 

the occurrence of several cases in a single family 
is due to contagion. 

4. In Leprosy an interval of years may elapse between 

infection and the first recognized appearance of 
disease. It is a disease of long duration, though 
some of its symptoms may be quiescent for a con- 
siderable period and then recur. 
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5. The danger of infection from leprous persons is 

greater when there is discharge from mucous 
membranes or from ulcerated surfaces. 

6. Compulsory notification of every case of Leprosy- 

should be enforced. 

T. The most important administrative measure is to 
separate the leprous from the non-leprous by- 
segregation in settlements or asylums. 

8. In settlements home life may be permitted under 

regulations by the responsible authorities. 

9. The preceding recommendations, if carried out, will 

provide the most efficient means of mitigating the 
iejier’s suffering and of assisting in his recovery, 
and at the same time will produce a reduction and 
ultimate extinction of the disease. 

The Kergen Conference, was attended by renowned special- 
ists from every part of the civilized world and the unanimous 
conclusions arrived at by them are sufficiently indicative of 
the lines on wliich the present Act should he amended. 

The following measures have been suggested in the case 
of lepers not actually in Asylums 

( 1 ) Utmost cleanliness should be enforced. 

(2) A leper should have his own special set of utensils 

and other articles of common use and they should 
on no account be allowed to be mixed up with 
other articles in the house. 

(3) A leper should have special sets of clothing which 

no one else should be allowed to use. All articles 
belonging to a leper and used by him should be 
thoroughly disinfected before being sent out to a 
laundry. 

(4) A leper should be provided a separate room in the 

house and should as far as practicable avoid 
using public conveyances and attending social 
functions. 
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Attendants on lepers wiLetKer at liome or in Asylums 
may usefully observe the following rules : — 

(i) Bubber gloves should be worn wBerever possible. 

(n) The hands, etc., should be thoroughly washed with 
soap and water after contact with lepers or articles 
used by them. 

(m) General health should be maintained at as high a 
level as possible by good food, fresh air, regular 
exercise and the observance of general sanitary 
measures. 

Treatment : — 

In addition to removal to Asylums or segregation at home 
and general hygienic measures, the following drugs have been 
tried with varying results— Chaulmoogra oil as an old well 
known remedy. The gynocardate of Sodium and the 
Morrhuate of Sodium have also been largely used. 

Vaccines and nastin series of preparations have not been 
uniformly successful. 

Anthrax or Splenic Fever. 

Anthrax or Splenic Fever is an infective disease due to 
the presence of a comparatively large bacillus, which multi- 
plies rapidly in the blood of its host, and may be easily cul- 
tivated outside the body. The bacillus cannot develop 
unless it obtains a free supply of oxygen, and spores are 
never developed in the bacillus that grows in the blood. 
However, where the baciUi make their way from the lungs 
into the mouth, or from the bowels, and are discharged, 
spores may be readily formed. Thus, an infected animal 
may iufect whole herds or flocks and render the pasturage 
infective. A diseased animal, therefore, should be at once 
killed and either burnt, or buried 6 ft. or 7 ft. deep. Dung 
from infected animals, or blood, may be rendered harmless 
with 5 per cent, carbolic acid. 
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Sheep and oxen, which readily take Anthrax from eating 
infected materials, are but slightly susceptible when the 
bacillus is introduced into the tissues through a wound ; but 
rabbits, guinea-pigs, mice, etc., are rapidly susceptible when 
the disease is inoculated. 

In man, Anthrax commonly affects butchers and those 
who attend on animals, the infectious material obtaining 
access to the body through a wound— often a very slight 
one. A man has a scratch, probably on his face, or one of his 
hands or arms, and in killing or attending to an infected 
animal, inoculates himself. In from one to three days 
irritation is noticcid at the point of inoculation. A day later 
there is a very small blister (containing clear serum) in the 
centre of an inllamed area. Then the contents of the blister 
become brown, and other blisters form round it. G-radually, 
a browiiy-black escliar is formed, indicating the beginning 
of an area of mortification. Before the nature of Anthrax 
was understood, this used to be called a malignant pustule ; 
if this be promptly and freely excised, and the wound well 
cauterised, the disease will be effectually cured. If this 
he not done, and the inflammation be allowed to proceed, 
a considerable area becomes affected, part of which mortifies, 
and probably, sooner or later, the bacilli find their way into 
the system, giving rise to general Anthrax, as indicated by 
symptoms one associates with “ blood poisoning.” 

Wool-sorters’ disease (so called because it especially attacks 
pereons employed in processes of sorting various wools and 
hairs in worsted manufactories) is Anthrax derived from 
infected wool and hair. The disease was long known under 
this name at Bradford, though not recognised as Anthrax I 
and about 1863, when Van mohair* was introduced as a 
textile fabric, the cases became more numerous. The disease 
occurred in two forms : that characterised by the malignant 
pustule already referred to, or by a minor pustule or boil, 
and that having no external lesion. 

* The fleece of the goat inhabiting the Van. district in Asia Minor. 
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“ Internal Anthrax” so called, which among wool-sorters 
appears to be more common and more fatal than the other 
form of the disease, has ordinarily a rather longer incubation 
period. After, say, from two to twelve days, chilliness, 
profuse perspiration, flushing of the face, and shortness of 
breath, etc., indicate the onset, and these symptoms are 
somewhat suddenly followed by stormy toxic manifestations 
characterising the fully developed disease, high fever, delirium, 
cramps, purging, vomiting, etc., usually followed by the 
death of the patient in from two to five days. In cases not 
fatal at this time, improvement begins about the sixth day. 
Even after much improvement the patient may have a 
relapse, and succumb to secondary inflammatory processes, 
in which the lungs are especially apt to be involved. There 
are, however, cases of internal Anthrax in which the disease 
is very mild, the symptoms being headache, depression, 
nausea, restlessness, dimness of sight, constriction of the chest, 
and some cramps in the calves. Often, quite early in the 
disease, symptoms of various acute local congestions arise. 
The lungs are specially apt to be affected, and the physical 
signs of that condition with the occurrence of a copious frothy 
blood-stained expectoration are noted. Pleurisy, too, some- 
times comes on, an extraordinary amount of serum being 
rapidly effused injfco the pleurae. The spleen is usually en- 
larged. In the intestinal form which very rarely occurs, 
the symptoms are those of intense food poisoning e.g., severe 
vomiting, diarrhoea, convulsions, etc. 

By what channels do the baciUi reach the system ? In 
the case of butchers and attendants on cattle, infection 
appears to be usually through a wound but, no doubt, occa- 
sionally through the alimentary tract. Wool-sorters handling 
dirty fleece, wool, or hair, work in air polluted with dust 
and, if the animals from which the fleece comes have had 
Anthrax, the dust may infect through a woimd or the 
alimentary tract, or it may be inhaled and reach the 
system through the respiratory tract. 
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The chief remedial measures recommended for the relief 
of wool soriers are to the following efiect 

(1) Bales of vsnspected wool or hair should, before 

being opened, be steeped in water for ten or 
twelve hours, and in case the bales do not freely 
admit water, they should be opened therein. 

(2) After this the wool or hair should be placed in a 

solution of soap in water (about 120 deg. Fah.) 
and waslied ; then passed through the rollers 
and sorted while still damp. 

(3) The sorting-rooms should be well ventilated, the 

iioors swept daily, the walls and ceilmgs tho- 
roughly cleansed once a quarter, and the walls 
washed once a year with lime-wash mixed 
with carbolic acid. 

(4) Iso wool, hair or other material should be kept in 

a sorting-room so as to interfere with the proper 
ventilation thereof. 

15) No meals should be taken in a sorting-room nor 
food kept there, and proper provision should be 
made for sorters to wash in or near the sorting- 
room. 

Measures based on the Anthrax Prevention Act of 1919 
of England may be introduced. The chief feature is that 
shipments of wool and hair and all goods mixed with them 
from countries known to be infected are considered as infected 
goods and have to be disinfected at the landmg port. 

The “Duckering” process is a valuable method of deahng 
with suspected wool and hair. This consists of four stages ; 
(I) Warehousing, (2) Disinfection, (3) Rebaling and (4) Re- 
covery of grease from the effluent. 

The 2nd stage comprises— (a) Preliminary : Agitating the 
material with suitable rakes for 30 minutes in an aUcaline 
soap solution at 102°F, This cleans the wool and exposes the 
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spores (6) Disinfection : Treatment for 20 minutes in a 
2‘5 p.c Formalin solution, the immersed stuff being agitated 
all the time. This destroys the greater part of the spores, 
(c) Drying the wool in hot air at 160°F. This kills off 
the remaining spores, {d) Cooling— in special machines 
by currents of air. The wool is kept for some days to ensure 
the destruction of any spores that have escaped formalin 
solution. 

In the case of hides in addition to measures on the lines 
mentioned, the following steps should be enforced : — 

(1) Dry hides should be covered in canvas bales and 
man-handling reduced to the minmmm by the employment 
of machines wherever possible. 

(2) Wet hides should replace dry hides. 

(3) Contact of the hides with the bare skin should be 
reduced as much as possible by the use cf gloves (to be disinfect- 
ed after use) and prohibition of carrying of hides on the 
shoulder. 

The duties of the Local Authority as regards Anthrax 
are to disseminate information about it ; to see that all cases 
in cattle or sheep are duly reported and dealt with so as to 
prevent the spread of the disease ; to investigate all cases 
occurring in man, and to see that all preventive measures 
are enforced as required. 

Men are infected during the process of skinning diseased 
animals. 

Anthrax Order of the Board of Agriculture. 

Dung and litter are to be burnt, or disinfected and buried. 

Carcasses must be buried in lime with the skin on, at a 
suitable place at which animals will not have access, and at 
a depth of not less than 6 feet below the surface. Before a 
carcass is removed for burial, all the natural openings must 
be plugged with tow or other suitable material saturated 
with a disinfectant. 
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Several cases of Anthrax have occurred due to infection 
contained m shaving brushes. The following method of 
disinfection is recommended by the Government of India : — 

“ Thoroughly wa.sh the hair of the brush with soap and 
warm water to which a little washing soda has been 
added, rinse in warm water and then imm^se over- 
night in a disinfecting solution consisting of either 
perchloride of mercury 1 in 10,000 or formalin 2 
table-spoonfuls to half a pint of water. After re- 
moval from the disinfecting solution, the brush 
should he washed and then allowed to dry before 
use. The disinfecting solution should initially be 
at a temperature slightly above the body heat 
and care should be taken not to allow the hairs of 
the brush to come in contact with the hand while 
under disinfection.” 


Erysipelas. 

Erysipelas is characterised by a spreading inflammation 
of the skin (or mucous membrane) due to the presence of 
the streptococcus erysipelatis. After infection, no symptoms 
are manifested for three to five days. About the time the 
swelling and redness of the skin begin, there is fever and 
langour, often headache, shivering, and vomiting. The 
area generally attacked is some part of the head (the first 
patch being on the lip, cheek, scalp, etc.) and there is often 
some sore throat. The fever is remittent in character, but 
present to some extent till the inflammation ceases to spread. 
Occasionally the inflammation is very slight hut, not infre- 
quently, continues to spread for ten days. Where it is spread- 
ing, there is a raised red line, and in rear of this redness the 
swelling shades ofi to the part attacked earliest “which has 
recovered. Thus while the disease is advancing in one part 
it is receding in another. The inflammation at a particular 
part laists about five days. Sometimes the disease re-appears 
during convalescence. 
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Debilitated persons, puerperal patients, drunlrards, and 
those sufiering from wounds, are specially liable to attack 
and often suffer severely and fatally. In bad cases there 
may be typhoid symptoms and death from exhaustion, or 
head symptoms and death from coma, etc. The scarf skin 
is shed at the parts attacked, and the particles of shed skin 
carry the infection, as they do in Scarlatina. The contents 
of the blisters, which form and burst, must also be regarded 
as infectious. 

In very young children the disease may commence at the 
vulva, and in infants the navel may be the first part attacked. 
Such cases seem specially likely to prove fatal. 

Erysipelas is infectious from the beginning of the inflam- 
mation till desquamation is finished, ^nd the parts affected 
are absolutely clean ; commonly this period is a little more 
than a fortnight. 

A person exposed to infection is safe after a week’s 
quarantine. 

Cases of Erysipelas certainly require isolation, and are 
well suited for hospital treatment, where accommodation 
is available. The infected room, clothing, etc., should be 
promptly disinfected. Infectious particles may be retained 
in clothes and carried short distances. 

In Erysipelas, as in Scarlatina, special efforts may be 
needed for the protection of surgical and puerperal cases 
from risk of infection. 

Tetanus. 

Tetanus is a specific infective disease, the symptoms of 
which are not unlike those produced by the„ poison, 
Strychnine. 

It may ensue from any wound in any part of the body, 
in any state of the wound, or without any apparent wound, 
occurring however, more frequently when the wound is in a 
part exposed to earth or dirt. The disease is due to the 
introduction into the system of amicro-organism present 
51 



802 


Sanitation in India. 


in soil taken from the streets or cultivated land. The spores 
of this organism, protected from air and light, may retain 
their vitality for a year or more. 

The Tetanus bacillus has not only been detected in earth, 
but in the dirt between the boards of room-floors, and in 
animal excrement, especially that of the horse. The bacilli 
have been found to a depth of two meters from the earth 
surface, but not lower ; they grow and multiply in manure, 
fields and in the stable. Sheep and oxen are often affected. 
As regard.s human beings, the disease is most common among 
agricultural labourers, gardeners, soldiers on campaign, 
bare-footed children, etc. The bacillus forms its poison 
exceedingly slowly, and the organism is ordinarily soon 
destroyed by the tissue cells. 

Tetanus appears never to be produced through the bacillus 
being swallowed, but always through its being received into 
a wound; the so-called idiopathic attacks being cases in which 
the wound has been so slight as to escape notice. In the 
human subject, the period of incuhation (f.e., before there are 
even local spasms) is usually between 8 to 12 days, but may 
be very much longer, especially in those who have received 
prophylatio treatment. The bacilli remain localised entirely 
in the region of the wound, but the poison they generate 
is absorbed from the seat of inoculation and widely diffused. 
The shorter the incubation period, the more severe the disease. 

The spores may remain latent in the tissues till long after 
the wound is healed, and yet finally develop into bacilli 
which in turn make the toxins capable of producing the 
muscular spasms and the characteristic lock-jaw. 

If the first spasms are not, as frequently they are, in the 
neighbourhood of the wound, they are in the muscles of the 
neck, jaw and face. If the symptoms go no further, the 
patient commonly recovers ; if the muscles of the back or 
side or abdomen become affected, a fatal issue may be looked 
for. 
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Frojphylaxis.—ThBm is not mucli tlie Sanitary Autkority 
oan do, except by difiusing a little useful information upon 
tbe subject. People are so ignorant of tbe true nature of 
Tetanus, that it is usual for country folk to apply eartk to 
a wound and to tie up tbe wound with tbe eartb in contact, 
probably with tbe idea that eartb wiU cbeck tbe bleeding. 

Sanitary authorities should, by such means as are in 
their power, instruct tbe people that in respect of wounds, 
as in all other matters, infinite cleanliness is of tbe first im- 
portance. Anti-tetanic serum may be used as a prophylactic 
measure, 600 to 1500 units being injected intra-muscularly 
at tbe earliest possible moment followed by four injections 
of 500 units each at intervals of one week. 

Measles. 

Definition.— k specific infectious fever, characterised by 
catarrh of tbe respiratory passages, tbe presence of Koplik’s 
spots on tbe mucous membrane of tbe cheeks, a papular 
eruption on tbe skin and a special liability to pulmonary 
complications. 

Etiology .—Thoi organism is probably a filter passer. 
Contagion is conveyed by tbe nasal secretions and breath; 
also by fomites, or by a third person. Tbe subject 
infected with Measles remains, to aU appearances, quite well 
for ten days. Then come tbe introductory fever and catarrh. 
Tbe eyelids and tbe lining of tbe nose and throat are inflamed. 
Tbe eyes water, there is a copious discharge from tbe nostrils, 
and commonly a cough. There may be vomiting, as in Small- 
pox, but tbe back pain so characteristic of Small-pox is absent. 
Usually, four days after these symptoms begin, tbe eruption 
appears. 

Tbe eruption at first consists of minute specks ('‘Measles’ 
is derived from a German word maser, a speck), which can 
be barely felt as raised above tbe rest of tbe skin surface, and 
these run together in patches, more or less crescentic in shape. 
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Tte eruption commences on the face, neck and arms, and takes 
two or three days to come out. By the time it has reached 
the legs, it begins to decline on the face, getting browner as 
it fades. Wlierever the eruption has been, the cuticle comes 
ofi like scurf. In Measles, as in Small-poX, a person exposed 
to infection should be quarantined for a clear fortnight, 
and if, at the expiration of that time, he manifests no symp- 
toms of illness, he may be considered safe. The patient may 
be regarded as infectious from the af^pearance of the earliest 
symptom till three or four weeks after the appearance of the 
rash. If care has been taken to cleanse the patient, he is ^ 
then safe. There seems to be little doubt that the patient 
is specially infectious during the primary or catarrhal stage. 

Barely a patient suffers from a Measles eruption without 
any catarrhal sjnnptoms, and sometimes patients exposed 
to infection manifest the febrile and catarrhal symptoms 
without there being any eruption. The first is a light form of 
Measles, the second often a severe form. The disease described 
as putrid Measles (marked by extreme debility, diarrhoea ti 
and frequent gangrene) is extremely rare. It is not spread by 
milk or drinking water, nor. is its incidence influenced by 
sewej gas. Owing to the special infectiousness of Measles 
for three or four days before the appearance of the eruption, 
and consequently before the malady is recognised, brothers 
and sisters and school-mates susceptible to tbe disease have 
probably been infected before the patient can be picked out 
and isolated. Bor this reason Measles is not ordinarily 
to be notified. f 

The infectiousness of Measles does not appear to last 
for a long time, as does that of Scarlatina. However, little 
portions of infective matter discharged from the patient 
may lodge on the clothes of nurses, etc., and convey infection 
to short distances. 

The Health Oflficer, in presence of an epidemic of Measles, 
may often find it expedient to use such powers as he possesses 
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for closing schools. Children from infected families are 
commonly kept from school as soon as a case is reported. 

School Authorities should keep records of the ‘‘Measles 
History” of children attending their schools, so that on the 
appearance of the first case, those who have not sufiered 
from the disease may be excluded from the school. This 
would obviate the need for the closure of the whole school 
when an outbreak occurs. 

Another procedure which has often been followed by 
good results is to close a class-room on the 9th day after the 
occurrence of the first case, for five days. The susceptibles 
will be affected by this time. When the class is re-opened, 
only those who are free from suspicious signs of the disease 
are allowed to attend. 

The serum of convalescents from the disease, though 
relatively inert for treatment, has been found to be valuable 
prophylactic. The dose is 3 to 5 c. c. injected intramuscularly 
and the passive immunity conferred thereby lasts for about a 
month. The serum collected from 10 days to 3 months after 
an attack is most effective though in the absence of this 
serum from an immune adult may be used in comparatively 
larger doses. 

Clothing, etc,, known to be infected should be disin- 
fected, and the rooms occupied by patients well cleaned. 

Measles is seldom a fatal disease in families comfortably 
off, but among the poor is very fatal, the main difference 
being that well-to-do people understand the importance 
of keeping the patient warm, and the poor do not. 

Rubeola, or Rubella, better known as German Measles, or 
Epidemic Rose Rash, remains latent for about thirteen days, 
then there is a day or two of malaise or feverishness, and 
finally the rose rash, which more nearly resembles Scarlatina 
than Measles. A person exposed to infection should be 
quarantined for sixteen or seventeen days, and if at the end 
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of tliat time he is quite well, he may be regarded as safe. 
Eubeok resembles Measles in its exceptional infectiousness 
during the very earliest stage, and before the disease can be 
diagnosed. The patient ceases to be infectious after the rash 
has faded, and all branny skin is washed ofi, say, a fortnight 
after the rash began to appear. 

The infectiousness of Eubeola has probably even less 
lasting power than that of Measles, but here also portions of 
infected matter may be carried on clothes to short distances. 
Children from infected families should certainly be kept 
from school. Patient.?’ clothing and the rooms occupied by 
them should he properly disinfected. 

Precautions against Measles. 

] . IL'afik's irf a very fatal disease amongst infants. 

2 . It is very highly infectious c.speoially in the early stage for several 
days before the rash appears. The early signs of the disease are coughing, 
sneezing and redness of the eyes, -with some degree of illness. When 
Measles has occurred in a school, coughing alone should be considered 
8u.spici(?uK. 

3. A child at school with such marks of illness should bo at once sent 
home, and the teachers, particularly in the Infant Department, should be 
on the look-out for the first signs of illness if Measles has made its appear- 
ance in the school or neighbourhood. The occurrence in a school of any 
catarrhal illness in a child, if Measles has made its appearance in the school, 
should be considered sufficient reason for sending the child home till the 
nature of the illness has become plain. 

4. A child auifering from Measles should not be allowed to return to 
school until four weeks have passed after the appearance of the eruption. 

Any one attacked with Measles should, if possible, be placed in a 
separate room upstairs, and the windows opened sufficiently to aebnit 
fresh air without allowing the room to get cold. The bed should be placed 
in that portion of the room in which there is least draught. 

6. In view of the high percentage of mortality from the disease, 
parents are advised in every instance to seek medical advice. 

7. The children at home not attacked must not go to school or other 
place of meeting for three weeks after the appearance of the eruption in 
the first child and, if subsequent cases occur, not until three weeks after 
the appearance of the eruption in the last child attacked. 

8. Where a case of Measles has occurred in a house, a careful watch 
should be kept on the other children, so that, on the first appearance of 
the signs of illness, they may be kept at home and properly treated. 
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9. When a child at any house is suffering from Measles, no neighbour’s 
child or neighbour accompanied by a child naust be admitted, nor should 
the child ill with Measles be allowed to play with other children for a month 
after the appearance of the rash. 

10. Disinfection . — Before the child attacked returns to school, the 
following measures should be carried out. All articles of clothing worn by 
the sick child and the bedding and hangings of the sick-room should be 
washed and put out to air for some days. All washable articles of furniture 
in the room should be washed. The walls of the room should be lime- 
washed. The floor should be thoroughly scrubbed and disinfected. The 
windows should be left open for several days and the window curtains 
removed so as to admit as much light as possible. The skin of the child 
who has been ill should be thoroughly cleansed by several washings with 
soap and w’arm water. 


Whooping Cough. 

The virus is chiefly spread by the sputum, the infection 
being most probably by the “droplet method”. Pomites, 
etc., play a very minor part. The bacillus Pertussis has good 
claims to be considered the causative organism. 

The onset of Whooping Cough is in many cases so insidious 
that it is difiicult to say for how long it has been latent. 
It is probable that the latency does not ordinarily exceed 
four or five days ; then follows the catarrhal stage, lasting 
from three days to a week (occasionally a fortnight), and 
finally the paroxysmal cough and whoop. The cough consists 
of a number of expiratory motions in rapid succession followed 
by a long inspiration, the air making a whooping noise as 
it passes through the partly closed rima glottidis, and this 
may be repeated two or three times during a paroxysm 
till mucus is forced up, or the child vomits. During the 
intermission, if the disease is uncomplicated, the patient 
(usually a child) appears quite well. The violence of the 
paroxysm appears to depend on the difficulty of getting up 
the expectoration. The frequency of the paroxysms varies 
much in different cases and at different times. The duration 
of the disease is from about three weeks to three months. 
Relapses are not uncommon, and these may occur more than 
once. 
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Wkooping Cougli may be complicated witli Bronchitis 
or Emphysema, or lioeinorrhages under the meninges or 
con] iincti va or in other parts ; not infrequently small ulcers 
appear under the tongue. 

As the disease is infectious from the beginning of the 
catarrah, when probably Whooping Cough is not suspected, 
thi mucus ceases tc be coughed up, it is not surprising that 
it spreads rapidly, and is the most fatal of all diseases of 
children under five years of age. 

A person exposed to infection and manifesting no symp- 
tom of catarrh for a clear week is probably safe. In some 
districts in Europe, Whooping Cough is required to be noti- 
fied. However, notification is not of much .service in respect 
of a disease which is infectious for days before it can he 
recognised. 

Of course, children from infected houses should be kept 
from school ; and in the presence of a severe outbreak, it 
may be expedient to close the local schools. 

Pbecautions against Whooping Gough. 

1. Whooping Gough is a fatal disease amongst infants. 

2. It is highly infectious, and when fully developed, is characterised 
by the well-known crowing sound. At the commencement of the disease, 
there may bo nothing to indicate that it is coming on, except some degree 
of feverish cold taken along with the fact that it has been preceded by 
Whooping Cough in other children. Sometimes frequency of cough 
announces its approach. 

3. A child at school, in whom there is reason to believe that Whooping 
Cough is showing itself, or who has the disease well-marked, should be at 
once sent home, and the teachers should be on the look-out for fresh cases. 
Any illness in the Infant Department following on the occurrence of 
Whooping Cough should be viewed with suspicion and the child sent home. 

4. In looking for the occurrence of Whooping Cough among children 
under their charge, teachers should particularly observe that the disease 
may be ushered in by no observable symptoms, except perhaps coughing, 
and that any appearance of illnes should be considered sufficient ground 
for Sending a child home for a few days once the disease has made its 
appearance in the school. 

5 . A child attacked with Whooping Cough should, if possible, be 
isolated in a room upstairs, and the window opened sufficiently to admit 
fresh air without allowing the room to get cold. 
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t). The other children in the house should not go to school or other 
place of meeting, such as places of public worship or amusements, 
until three weeks have elapsed since the commencement of whooping. 

7. When one child in a household has been attacked with Whooping 
Cough, the others should be watched, and any appearance of illness 
especially with coughing, should he regarded as probably indicating Whoop- 
ing Gough, and the child treated in the same manner as the one first attacked. 

8. When a child at any house is suffering from Whooping Cough, no 
child or neighbour accompanied by a child must be admitted into the 
house ; nor should the child with Whooping Gough be allowed to return to 
school or play with other children until the “ whoops” have ceased to be 
observed. 

9. The matter coughed or spat up by the sick child must bo regarded 
as infectious, and should be received into pieces of rag which should be at 
once burnt. Discharges from the nostrils should be treated in the same 
manner. 

10. In all cases of Whooping Cough, medical advice should be obtained 
until the child is out of danger. 

11. Disinfection . — Before the child attacked returns to school, the 
following measures should be carried out. All articles of clothing worn by 
the sick child and the bedding and hangings of the sick-room should be 
washed and i^ut out to air for some days. All washable articles of furni- 
ture in the room should be w'ashed. The walls of the room should be 
lime-washed. The floor should be thoroughly scrubbed. The windows 
should be left open for several days and the window curtains removed so as 
to admit as much light as possible. 

Diphtheria. 

Diphtheria, like Scarlatina, remains after its inception 
patent for two to five days. Like Scarlatina, also, it is a 
disease mainly affecting children at school-age (three to twelve 
years), and occasionally it is so mild that no serious disease 
is suspected, and the patient never comes under medical 
treatment. The initial case in an epidemic is thus ofteu an 
unsuspected case. The first symptom attracting attention is 
commonly a sore throat and, sometimes with this or before it, 
a patchy, red rash about neck and chest. Next a false 
membrane forms, extends and thickens and in course of time 
is shed. However, the diphtheritic membrane need not be 
in the throat— it may be in the windpipe or nostrils, or the 
membrane is not peculiar to Diphtheria even when it is in 
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the throat. The difference between Diphtheria and some 
other diseases which resemble it (and which Bretonneau 
himself would doiibtle.ss have called Diphtheria), according to 
the modern, vioAV, is that Diphtheria is the disease due to 
infection by the baidlhis of Klebs and Loeffler. The bacillus 
starts the disease, and the fever and other symptoms following 
are mainly the result of absorption of the chemical poison 
produced by the living bacillus. After the membrane has been 
shed, or before, an attack of Diphtheritic Paralysis is not 
infrequent. Indeed, Paralysis may follow in cases where 
Diphtheria was so mild as to be unrecognised. 

Diphtheria is infectious from the inception of the disease 
till the throat is fjuite healthy. In cases sent to hospital 
or carefully treated, this time will not ordinarily exceed 
five wetifcs. 

A j)er.sou expo.s(.‘d to infection, who remains well after a 
week’s quarantine, may be con.sidered safe. 

Diphtheria is not usually notified early, but prompt 
isolation will often prevent the spread. Isolation hospitals 
are particularly useful for cases of Diphtheria, as the disease 
often occurs in insanitary dwellings, from which it is of the 
first importance to remove the patient. 

The house where a case occurs should be examined for 
defects and, if discovered, these should be remedied. The 
disease seems to favour damp houses. The room, clothing 
bedding, etc., should be disinfected, and the children from 
infected houses should be kept from school. 

Schools may be closed with a view to check the spread 
of Diphtheria, when nothing worse than what appears to be 
sore-throat is prevalent among the scholars ; and children 
suffering from sore-throat, however mild, should be kept 
from school. The disgusting way in which slates are often 
cleaned, the transferring of sweets from mouth to mouth, and 
the use of drinking cups common to many, are some of the 
methods by which Diphtheria may be spread at schools. 


Diphtheria — Prophylaxis . 


811 


In investigating Dipttlieria, it is often easy to trace tlie 
disease from case to case throngh personal intercourse, 
wMlst it is usually most difficult to offer a reasonable ex- 
planation of tlie first case. Tbe initial case or cases may 
bave come from a specifically infected carrier and even 
from cats, domestic fowls, or pigeons. As regards milk, 
it seems to be able to initiate the disease and may cer- 
tainly spread it. When the bacillus is once introduced into 
milk, it readily multiplies even at ordinary temperatures. 
There is ground for believing that occasionally the cow 
through infection of the udder, yields infective millc. 

Persons who have just had or are recovering from Scarla- 
tina or Measles, are specially liable to take Diphtheria, and 
so apparently are women who have been recently delivered. 

The infection, of Diphtheria like that of Scarlatina, can 
be retained in clothes, etc., for a long time. 

The diphtheritic contagion is given off from the body in 
the secretions from the mouth, nose and throat, and clings 
to infected articles of clothing and bedding. 

Epidemic prevalences of the disease commonly commence 
in September, reach their highest point during October and 
November, and then subside slowly during the following 
two months. 

The commonest method of the spread of this disease 
seems to be the “ droplet method”, the germs being carried 
from person to person in minute drops of saliva, sputum or 
nasal mucus expelled in coughing, sneezing, etc. “ Carriers ” 
who may have previously suffered from this disease in a 
recognisable form and especially those that have had a 
mild attack and have therefore been overlooked are also 
responsible for spreading infection. 

Prophylaxis. 

Among the prophylactic measures apart from thorough 
isolation of the patient and proper disinfection of articles 
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likely to have been infected, the following are advisable 
especially in cases of schools, doDiiitories, etc. 

L Fmhdmi of passive inmumti/.—ThiR is of use when 
immediate measure.s are indicated. 500 units of anti- 
diphtheritic serum are injected subcutaneously. Immunity 
reaches its height in 24 hours and remains at a high level 
for 3 to 4 weeks. There are certain drawbacks to this method, 
(1) The immunity is short lived, (2) Danger of Anaphylaxis 
in subse<iuent y(‘ars, (3) Interference with the development 
of active immunity, f4) The jjo.ssible production of “ Carriers,” 

II. Production of active immunitij hy the subcutaneous 
injectims of mixed toxins and anti-toxins— These mixtures 
vary in thfi r(.‘.sp(!ctivft jjroportions as put up by various makers. 
The following plan would recommend itself to most. 3 
injections in all are given at intervals of one week. The dose 
is 1 o.c, for an adult. For children it may be increased from 
.25 c.c. to O.o c.o. and 1 c.c. The first injection contains 
equal parts of the toxin and anti-toxin, the second, two parts 
of toxin to one of anti-toxin and the third, three parts of toxin 
to one of anti-toxin. Some local reaction is common. Im- 
munity is said to develop in 3 weeks and lasts 6 — 7 years. 
This measure should be carried out in combination with the 
Schick test and examination of the throats of contacts. It 
is obviously of little use when urgent measures are indicated 
but is most useful to control epidemics. 

The Schick test depends on the theory that 1/30 unit 
of anti-toxin per c.c. of blood confers immunity. This 
prevents reaction to 1/50 minimum lethal lose (guinea pig) 
of Diphtheria toxin introduced into the skin. 0 . 2 c.c. of normal 
Saline containing 1/60 M.L.D. is injected intradermally into 
the skin of the foreann (flexor surface). The other arm is 
similarly injected with toxin heated to 75®0. for ten minutes 
so as to destroy its virility. 

A positive reaction is indicated by the appearance of a 
sharply circumscribed red area ^ — 1'' in diameter, appearing in 
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24 hours and reaching its maximum in 3 — 4 clays. The area 
may remain pigmented upto 7 — 10 days. The pseudo reaction 
is less circumscribed, appears earlier (18 hours) reaches the 
maximum in one day and fades away in 3 days or so, A 
negative reaction shows that the person is immune but it 
does not exclude carriers. 

A positive reaction indicates susceptibility and calls for 
prophylactic measures. Combined with the examination of 
the swabs from the throats of all likely contacts and incubates, 
this test provides very valuable indications. These may be 
summarised as follows : — 

I. Group. — Schick positive ; swab negative. 

II. Schick positive ; swab positive and bacilli 
avirulent. 

These persons are susceptible and should be removed 
from the source of infection and isolated and watched. They 
are not in imiminent danger of getting the disease. 

III. Group. — Schick positive ; swab positive and bacilli 
virulent. These are like the first susceptible but also probably 
in the incubation period. Passive immunity with anti-toxin 
would be indicated in such cases. 

IV. (jroitp.— Schick negative ; swab negative. 

V. Schick negative ; swab positive and bacilli 
avirulent. 

These are fully protected and not harmful to anybody. 
No special measures are indicated in their case. 

VI. Schick negative ; swab positive and bacilli 
virulent. These are themselves secure but are the most 
dangerous from the point of view of the community, being 
active carriers. They should be isolated as early and as fully 
as possible and suitably treated. 

The value of this combined method lies in the fact that the 
potential sources of danger and the potential sufierers are 


m 


Sanitation in India. 


detected with certaiuty and some ease and w'holesale adminis- 
tration of anti-toxin — a costly and an unpleasant process 
need not be resorted to. 

Ramon has treated diphtheria toxin with heat and formalin 
and introduced the product under the name of Anatoxin’ 
to remedy the drawbacks of the toxin' — anti-toxin method. 
Immunity is said to develop in i — 6 weeks with a very high 
proportion of certainty. 

More rcoently. Glenny and others have used a toxoid 
treated with alum under the name of “Alum-toxoid.” This 
product is claimed to he superior to the toxoid-anti-toxin 
mixture in as much as it produces immunity more rapidly 
and hence would be valuable during epidemics. Its drawback 
lies in the unpleasant reactions which follow its injection and 
which are more severe than those of the toxoid-anti-toxin 
mixture. 

Scarlatina. 

The specific organism is probably a haemolytic Strep- 
tococcus isolated by Dick and others. 

Smrhtim after its inception commonly remains latent 
for two or three days, when the patient is feverish for a day 
ox two and complains of headache, slight sore-throat and 
stiffness of the neck. These symptoms are followed by 
an eruption beginning in minute poiuts, but these become 
so numerous as to produce a general redness of the surface, 
pie eruption is brighter in colour and less elevated than 
in the case of Measles. The rash begins on the face and 
neck and spreads over the w'hole body, and may be expected 
to last three or four days before fading. Probably, about 
a week after the first symptoms the peeling begins. This 
is a very slow process lasting many weeks. The skin 
is usually shed in fine scales from the head and body, and 
in flakes from the extremities. With the early symptoms, 
a white fur gathers on the tongue, and through this appear 
the red swollen papillae, then the white fur clears away, 
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and tlie whole tongue looks exceptionally red and rough. 
The throat gets very red, and the tonsils swell and redden. 
Then a 'whitish exudation may appear, with ulceration or 
even sloughing. The degree of severity and danger differs 
much in different cases and iu different epidemics. In so- 
called simple Scarlatina, the florid rash may be accompanied 
by little or no sore-throat ; and in malignant Scarlatina, the 
rash is usually late and imperfect or absent, while the throat 
symptoms or head symptoms are so severe as to cause death. 
Scarlatiua is infectious from the earliest symptom till des- 
quamation is complete and the patient absolutely clean. 
This ordinarily takes not less than five or six weeks, and 
occasionally nme or ten. 

A person exposed to infection should be quarantined for 
a week, and if he then shows no signs of illness he may be 
considered safe. Though a case of Scarlatina is not usually 
notified till the rash has begun to appear, the disease is so 
slightly infectious at first, that prompt isolation will generally 
prevent the spread of the disease. Isolation hospitals are 
probably of more use for isolating cases of Scarlatina than 
for any other disease. The room, clothing, bedding, etc., 
should then be promptly disinfected ; and children from 
infected houses should be kept from school till safe. 

In the presence of an epidemic, it may be weR to take 
steps for closing the local schools ; but when a good hospital 
is provided, this wiU not be often needed. 

Eeturn cases (cases 're-appearing in households shortly 
after the return of a patient from hospital) are not always 
easy to account for, but they would be very rare if great 
care were always taken to keep patients in hospital till aU 
peeling had finished, and any discharge they might have 
from ears or nose had ceased. Infectious particles may be 
retained in clothes, etc., for months. 

That a person suffering from a wound or injury or a woman 
recently delivered, is speciaUy liable to become infected 
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with Scarlatina is a well-established fact. It is reasonable, 
therefore, that special efforts should be made for the pro- 
tection of surgical and peurperal cases from the risk of 
Bcarhitina infection. 

In investigating an outbreak of (Scarlatina, the frequency 
with which the disease has been spread hy milk must be borne 
in mind. The milkers, collectors, or distributors of the milk 
may have contaminated it, the vessel in which the milk is 
delivered may have been recently in an infected house; 
and there may be some ground for believing that occasionally 
the cow has an allied disease and yields infective milk . Attempt 
to immunise susceptible persons with Scarlet fever anti-toxin 
have been made. Theresults are not very encouraging. The 
susceptibility is determined by intradermal injection of a 
minute quantity of the toxin of Dick’s streptococcus. Local 
erythema increasing in size upto 24 hours and then fading 
away indicates susceptibility. (Dick test.) 

Chicken-pox. 

CMckeri'pcx patients (like Small-pox patients), after 
having caught the disease, remain to all appearances quite 
well for eleven or twelve days, and they are slightly feverish 
and indisposed for two or three days. The premonitory 
fever and indisposition may be absent. About the fourteenth 
day appears the eruption usually commencing on the 
shoulders, neck and breast and often spreading on the 
face. The eruption is one of transparent vesicles, like 
little blisters produced hy boiling water. The blisters 
come out in crops, the earlier ones shrivelling while the 
new ones are forming. Blisters which do not shrivel 
quickly get slightly opaque. A person exposed to infection, 
remaining well for a fortnight, is ordinarily safe. The patient 
is infectious from the first symptoms till all the scabs fall off. 
Chicken-pox is commonly a disease of children, but adults 
are not infrequently seen suffering therefrom. 
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A district in which infectious diseases are compulsorily 
notifiable will do well to add Chicken-pox to the list of 
diseases required to be notified. If this be not done, sooner 
or later, some mild case of Small-pox may escape notice. 

The children of a family in which one is suffering from 
Chicken-pox should be kept from school, for the infectious 
particles may be conveyed in clothing. The patients room 
should be cleaned, and his clothes, etc., disinfected. 

An attack of Chicken-pox is occasionally very severe. 
It is not prevented or modified in any way by vaccination. 

Influenza. 

Influenza is latent ordinarily for three or four day’'s, a 
day more or less being not uncommon. Occasionally, the 
latency appears to be less than twenty-four hours. The 
onset of the attack is marked by pain coming on suddenly 
in the head and back, and this is followed by the usual 
symptoms of a bad cold. There is some fever, a furred ton- 
gue, foul breath and great prostration. After four or five 
days the fever subsides, and the patient is left weak and 
depressed, and liable to fits of chilliness followed by sweats. 
Not rarely there is some delirium, even at an early stage. 

Influenza does not always correspond to this description, 
as cases occur where the disease is much more severe in 
the lungs, cases in which drowsiness is a prominent symptom 
from the first, in which there is no fever, cases in which the 
disease closely resembles Typhoid Fever, etc., etc. The 
intemperate and the overworked seem specially liable to 
attack, and likely to have the disease severely. 

The influenza patient and the discharges from his nose 
and throat are infectious from the onset of the disease, till 
he is well enough to resume his occupation ; this will 
ordinarily be in about ten days, but it may be three or four 
weeks. 
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A person exposed to infection and manifesting no 
symptom for six days is probably safe. 

It goes witliout saying tbat, after tb.e recovery of tbe 
patient, infected rooms and clothing should be disinfected. 

The following memorandum from the Government of 
India, issued by the Government of Bombay in 1919, 
gives in detail the mode of spread and the measures for the 
control of Influenza. 

During 1918 a peculiar and exceptionally widespread 
epidemic of Influenza appeared, which affected the inhabit- 
ants of practically every continent. This epidemic not only 
caused, directly or indirectly, a very large number of deaths 
whi(;h in India alone were computed to exceed five million, 
blit left behind it a legacy of minor ailments with consequent 
national debility. The economic effect through the dis- 
organization of trade cannot be estimated, but must have 
been \;;pry great. 

Although previously severe and worldwide epidemics 
have been known to occur, in none were the spread and 
mortality so alarming as in the epidemic of 1918. So far as 
it affected India, the epidemic of the summer months assumed 
a mild form of the disease. After an apparent departure, it 
re-appeared in a virulent and very fatal form during the 
autumn months and then seemingly disappeared at the end 
of the year. In fact this was not so, as small localized 
epidemics have occurred and .sporadic cases have continued 
throughout: the present year. As the experience of epidemics 
in England and elsewhere have been that recrudescences at 
intervals are liable to occur, it is highly desirable to be 
prepared for such an event in India. 

Ttith this object in vieiv, this memorandum has been 
prepared, which sets forth opinions founded upon the valu- 
able observations made during the 1918 pandemic and 
contained in the world’s medical literature, and which 
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furnishes in the abstract a list of the preventive measures 
that promise to give the best results in India. It is not 
possible to say that even with the adoption of the suggested 
measures it will be possible to prevent the disease becoming 
epidemic but it can safely be asserted that the observance 
of these rules will diminish the incidence of the infection. 

The organism responsible for the epidemic of Influenza 
has not been definitely identified. The weight of evidence 
still points, however, to the bacillus, called the bacillus of 
Pfeifler being the cause : at all events it is intimately 
associated with the disease. Judging from clinical and 
epidemiological standpoints, the disease which appeared in 
India was identical with the last great pandemic of Influenza 
which occurred in 1890-91. In the absence, however, of 
definite proof of the casual organism, the statement is a 
surmise although a probable one. 

Influenza is a disease which exhibits an intense 
infectivity and an incubation period which is relatively very 
short, i.e., from 6 to 48 hours. It is commonly believed that 
the disease is spread by the infected secretions of the throat 
and nose of infected persons finding lodgment in the nose ancL 
throat of uninfected people. The commonest means by 
which this occurs is by coughing and sneezing especially in 
confined spaces. Methods of prevention, then, will consist 
of preventing communication of infection by these channels. 

These measures may be considered from two stand- 
points. 

1. Procedure recommended for Military, Munici'pal and other 
Administrative Bodies. 

It is realized that no legislative measures can be adoj^ted 
in most communities and moreover since the limitation of 
an epidemic of this nature depends more upon individual 
than upon legal enactments, the following general recom- 
mendations are made. 
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A. Education of the 2 )uhUG with regard to such facts as the 
following 

{!) Tlin golden rule is to keep fit and avoid infection as 
inucli as possible. 

(2) The way to keep fit is to cultivate healthy and 

regular habits, take regular exercise, to eat good 
food, and to avoid fatigue, chill and alcohplic 
drinks. Healthy living does not of itself ensure 
against attack, but it makes the patient better able 
to withstand the complications which may kill. 

(3) The earliest sjnnptoms of Influenza are usually 

those of a severe feverish cold : it is most 
infectious in the earliest stages ; it is spread by 
discharges from the mouth and nose ; it kills 
mainly by its complications and every person 
suflering from the disease, no matter of how mild 
a form, is a danger to others. For these reasons 
cougliing, sneezing, spitting and hawking in 
public places are dangerous. 

(4) It is not always possible to avoid infection, but the 

risks can be lessened by— 

(а) healthy living ; 

(б) working and sleeping in well- ventilated rooms ; 

(c) avoiding crowded gatherings and close ill- 
ventilated buildings, or carriages ; 

(d) wearing warm clothing ; 

(e) irrigating the nose with saline solution (see 
later) ; 

(f) wearing in certain instances a mask of pre- 
scribed pattern (see later) ; 

(5) Do not lay too much emphasis upon drugs in the 

hope of preventing infection. 

(6) Those attacked should— 

(a) go to hospital or go home, go to bed and keep 
warm ; 
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(b) call in a doctor, where possible ; 

(c) occupy, if possible, a separate bedroom or a 
bed that is screened off from the rest of 
the room ; 

{d) when coughing or sneezing hold a handker- 
chief in front of the mouth, the handkerchief 
should be boiled or sterilized in antiseptics, 
or burnt, if of paper. Similar attention 
should be paid to linen, etc., soiled by dis- 
charges, by persons suffering from common 
cold or catarrh, as it is undoubted that in 
apparently healthy communities the infective 
agents of Influenza are frequently present in 
such persons ; 

(e) do not return to work, through a sense of 
duty, until convalescence is well established, 
and during convalescence be extremely 
careful to avoid chill which may induce a 
relapse or complications ; 

(/) avoid meetings and places of entertainment 
for at least one week after the termperature 
has become normal. 

Such education we believe should be made compulsory 
in all schools and colleges ; the press might aid by giving 
publicity to such measures as are recommended for 
adoption. 

B. The closing of meeting places, schools, colleges, cinema 
halls, dancing halls, shating rinks, churches, efc.— Regarding 
these measures universal recommendations cannot be made. 
The widespread depression in the minds of the general 
population during epidemic times must be remembered. 
Such depression may be a predisposing factor in the occurrence 
of the disease, and it is felt that if measures were passed such 
as closing all theatres and resorts of amusements, the effect 
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on tlio health ini.£?ht be worse than if nothing was done 

at all. 

Again, take the instance of schools; if children were 
taken from well ventilated schools, they might add to the 
congestion of already overcrowded houses. This matter 
must be left to individual localities to settle, bearing in mind 
that it is necessary to limit the number of unnecessary 
gatherings and that it is necessary to keep up the morale of 
the public. In this connection attention should be drawn 
to the danger associated with travelling in cars and carriages. 
It is believed that a fertile source of the spread of infection 
occurs in overcrowded railway carriages, tram-cars, etc. 
The prevention of overcrowding should especially be insisted 
on at such times and scrupulous cleanliness of carriages and 
cars be (mforced. It is believed that much mischief was 
done in the last epidemic by the exodus from cities of panic 
stricken populations, and facilities for such exodus should be 
prohibited. 

C. The wearhig of face wiasA:s.— Opinions are divided as 
to the efficacy of this measure : it largely depends upon their 
construction. The masks should be of very close woven 
muslin or gauze. Recent work in America would seem to 
point to a gauze with a mesh 44 by 40 to the inch ; three to 
six layers of fine muslin should form the mask and they 
should be applied so as to cover the nose and mouth 
completely. The gauze is cut 8 inches wide and 23 inches 
long. Details of the method of manufacture are given in a 
foot-note.* 


* The gauze 44 by 40 mesh is cut 8 inches -wide and 23 inches long. 
The side.s and one end are turned down one quarter inch. It is folded- 
twioe, the unturned end first making a 7 inch square. The opposite 
diagonal corners are cut off 1 inch and the raw edge is turned in one-half 
inch. It is stitched firmly all around. A 1-inch dart IJ inches long is 
taken up at the middle of each side of the mask. A 14-inch tape is sewed 
on the opposite uncut comers. This mask has the advantage of covering 
the nose and mouth and in making the traction on the chin and not draw- 
ing on the nose and lips. 
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The use of these masks should be made compulsory 
among nurses and attendants in hospitals which admit 
Influenza patients and might be adopted in houses where 
cases of Influenza are present and among volunteers and 
others who come in contact with the sick. The wearing of a 
face mask, whilst having a certain protective action, exerts 
an educative influence upon the patients. Though it would 
be more reasonable for the patient to wear a mask, this is 
impracticable in view of further impeding respiration which 
already may be difficult. 

As there is a small possibility that droplets of infective 
matter lodging in the eyes may give rise to the disease, the 
use of goggles by such attendants may also be recommended. 

Another suggested use of face masks is by barbers, 
dentists, etc., whose occupation brings them into close contact 
with a number of persons, and who if incubating the disease 
may otherwise infect their clients. 

Z). Isolation.— It is feared that insistence upon isolation 
of Influenza cases in India is impossible. For one thing 
there is not sufficient hospital accommodation. Every case, 
however, of Influenzal Pneumonia should be rigorously 
isolated, as the germs present in post-Influenzal Pneumonia 
are themselves infectious, altogether apart from the causative 
organisms of Influenza. ' Hospitals should attempt to separate 
uncomplicated Influenzal cases from those suffering from 
secondary Pneumonia. 

E. Sj)raijs and Gargles . — The use of disinfectant sprays 
and gargles is not recommended. Disinfectants are apt to 
remove the protective mucus of the throat and mouth to 
cause irritation of the mucus membranes or lining membranes 
of these cavities and so predispose to the lodgment of infective 
material. They can hardly be used strong enough to be 
protective without causing violent irritation. The use, how- 
ever, of a solution of common salt one teaspoonful to a pint, 
might be productive of good results if used as a gargle or 
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sniffed up the nose, as it will produce an excess of the 
normal secretions of the nose and throat and this leads to 
.the washing out of micro-organisms. 

F, With regard to the disinfection of 

infected rooms, it seems fairly established that ordinary 
cleansing with water, airing and sunning effect as much 
good as the use of actual disinfectants. In addition as already 
suggested, all handkerchiefs, sheets and clothings recently 
soiled (within 48 hours, as dr 3 dng kills the infective agent) 
should be boiled or otherwise sterilized. The periodic dis- 
infection on the above lines of public places, e.g., railway 
waiting rooms, trams, rolling-stock, dak bungalows, serais, 
etc., which in epidemic times may be taken to be infected, is 
also .strongly recommended. 

6'. Qmmntine.—A limited measure might be practised 
by local institutions such as resident colleges, schools, 
asylums and jails. A jail, for example, situated in an 
epidemic area might by rigid quarantine be reasonably certain 
of keeping out infection, or at least of delaying its appearance. 
There was evidence of the efficiency of this measure in certain 
jails in India during the last epidemic. 

H. Notification of all cases of Influenza 

would be obviously impossible. A limited notification might, 
however, be adopted at ports ; some value being likely to 
result from the notification of infected ships and the prompt 
removal to hospital of actual cases. 

Notification of Influenzal Pneumonia is now compulsory 
in England and in Australia. This measure in India would 
only he possible amongst the military and civil population 
in large towns where the Municipal Act already permits of 
the notification of all forms of infections disease. 

Spraying Influenza Contacts. 

At the tim e of the Influenza Epidemic in Bombay, a steam 
spraying chamber was erected for the purpose of dealing with 
contacts of Influenza. The main principle was that, by 
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means of an aspirating device, a suitable disinfectant contained 
in bottles was sprayed into the chamber by steam jets, to 
which the bottles were connected. The chamber was of a 
size which was suitable for treating ten persons at one time. 
Steam was obtained from a boiler working at 50 lbs. pressure, 
and arrangements' were planned so that the existing boiler 
with an Equifex disinfector could be made use of. The 
disinfectant used was a solution containing lysol 5 per cent., 
normal saline solution 8 per cent., and zinc sulphate solution 
1 per cent. The fluid jets were arranged so as to allow one 
litre of the solution to be delivered in 15 minutes, which was 
the maximum duration of the sitting for the persons being 
treated, and instructions were given that the spray was to be 
inhaled vigorously. Inhalation once a day for three conse- 
cutive days was the system then being done, but it was 
difl&cult to force contacts to attend more than once, chiefly 
because the value of the inhalation as a preventive measure 
was not appreciated. Care was taken to ensure thorough 
ventilation of the chamber after each sitting, and also prevent 
the rooms being hot or stuffy during the sitting. A medical 
officer was in charge of the operations, and was present while 
the treatment was being carried out, and the District 
Registrars in charge of Municipal Dispensaries in Bombay 
discovered contacts and mild cases and persuaded them to 
take this treatment. Not only contacts of Influenza and 
mild cases of Influenza, but contacts of other diseases such as 
Measles and Cerebro-spinal Eever can be dealt with in such 
chambers if occasion arises. 

Prophylactic Vaccination. 

A mixed vaccine consisting of B. Influenza, Pnemoc- 
occi and Streptococci has been tried extensively during and 
since the pandemic of 1918-19. The incidence of the disease 
is not affected by inoculation with this vaccine but it prevents 
the chief respiratory complications and lessens the mortality 
due to them. 
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Measures for Organised Belief. 

{a) Local anthorities should have ready lists of their 
requirements for doctors, nurses, the additional hospital 
staff required such as sweepers, hhistis, etc., mask makers 
motor cars, ambulance drivers and volunteers of all kinds 
necessary for the actual treatment of the sick ; and have 
noted, as far as possible, the actual persons who could prove 
useful in various accessory capacities. A canvas of private 
cars, which people are willing to lend as ambulances, might 
advantageously be made. Further, the names of volunteers 
for district vi.siting and localization of cases should be noted. 

In this connection too, it would be well for municipalities 
and other local authorities to entrust the actual arrangements 
prior to an epidemic and j)rcparatory for it, to some already 
organised body such as the St, John’s Ambulance Brigade 
Nursing Association, as in addition to the above, hospital 
requisites must be obtained, e.g., beds, mattresses, etc. 
Lists of what are available should be made ready. 

(h) Resources of men and material should be centralized 
under one central authority. 

(e) The work of district visitors in a house-to-house 
canvas, referred to under paragraph (a) above, should be 
co-ordinated. Valuable information would thus accrue 
as to the actual extent of the disease. These visitors should 
also be instructed as to the type of case and home ^which 
would justify home treatment being adopted, and when 
hospital treatment is necessary. 

A central clearing house or a bed dispensary might be 
instituted in large towns and severe cases be transferred from 
these to the hospitals. Hospitals should be warned to admit 
only severe cases as their resources will be taxed to the 
uttermost. 

(d) It is needless to say that all other public health 
organizations, such as vaccination and plague organization 
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staff, etc., should be utilized for the various measures of 
Influenza epidemic control. 

The following note has been published by the Govern- 
ment of Bombay prescribing certain temporary regulations 
for the control of an outbreak and spread of Influenza and 
acute Pneumonia. 


General Department. 

Bombay Castle, 1th May 1920. 

No. 5261, In exercise of the powers under section 2 of the E^ndemic 
Diseases Act, 1897 (III of 1897) , conferred by the Notification of the 
Government of India in the Department of Education (Sanitary) No. 566, 
dated 10th September 1919, the Governor in Council is pleased to prescribe 
in the Bombay Presidency excluding the City of Bombay, the following 
temporary regulations to prevent the outbreak or spread of Difiuenza and 
Acute Pneumonia, namely : — 

1. Appointment of special officer. — In every local area which is 
threatened with an outbreak of Influenza or Acute Pneumonia the District 
Magistrate, subject to the general instructions of the Commissioner, may 
appoint either by name or by virtue of his office a special officer or officers 
to carry out all measures necessary to prevent the spread of these diseases. 

2. Notification of outbreak. — («) The District Magistrate shall 
cause to be published in every tow'n or village in any area infected or 
threatened with Influenza or with Acute Pneumonia or with a disease 
suspected to be Influenza, a list of infected toums and villages in that area 
with the names of the special officers concerned ; any area in the towns 
and villages of which such a list has been published shall be deemed to be 
an infected area. 

(h) When any outbreak of Influenza or Acute Pneumonia or a disease 
suspected to be either occurs in his district, the District Magistrate shall 
forward to the District Magistrates of neighbouring districts a list of 
infected tow’ns and villages for publication when deemed necessary. 
When the outbreak occurs or threatens in a pilgrim centre, he shall in 
addition send intimation to the District Magistrate of districts from which 
the pilgrims come. 

3. Intimation of cases. — (a) In any town or village in an infected 
area every person shall, on such occurrence coming to his knowledge, give 
immediate information to the Municipal Secretary or to the Revenue Patel 
of (a) any human sickness or death, and (b) the arrival of any person from 
a place declared infected in any list published under regulation 2 (a). 

(b) The Municipal Secretary or Revenue Patel shall, on receiving 
such information, send intimation thereof to the Mamlatdar or Mahalkari 
and to the Deputy Sanitary Commissioner of the district. 
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(e) In the ease of any human .sickness or death occurring on a railway 
in an infected area or on the arrival by rail in such area of a person frona 
any place declared infected in any list published under rule 2 (a) the chief 
local llaihvay in such area shall give intimation as prescribed in 

(daiise (f() id this regulation. 

4. Si'ffrfijntiori ami disiiificlion . — The special officer may adopt such 
measures as he thinks necessary for — 

(n ) isolating the patient, and 

(b) disinfecting clothes, vehicles or other property which have been 
exposed to infection. 

5. PiMkatioii of remedies.-— 'The special officer shall arrange for the 
publication, by beat of tom-tom and by periodical distribution of leaflets in 
the local vernacular, of measures of protection against the disease. 

fi. Disinfection of huildimjs. — The special officer may require the 
occupier or owner of any building or enclosure, in which a case of Influenza 
or .Acute Pneumonia or a ease .suspected to be either has occurred, to carry 
out Mich iiK'asurcs as he considers ncccssarjf for the purpose of disinfecting 
or of improving the sanitary condition of such building or enclosure. He 
is also empowered to enter any building or enclo.sure and to order its 
disinfection, if he has rea.sonablo cause to suspect that any portion of it 
lias Iieeii reei-iirly occupied by a person .suffering from either disease. 

7. Buzuys, markets, fairs. — The District Magistrate may order, in 
the case of an infected town or village, that the bazar, market or fair be 
held onisidfi the inhabited area at such distance therefrom as he may 
prescribe. 

8. Requmliim. of buildings. — The District Magistrate may take 
possession of and occupy any vacant ground or building for the purpose of a 
camp or hospital or dispensary. Such rent or compensation as may be 
agreed upon shall be paid to the owner or occupier or other person entitled 
thereto. In default of agreement, the amount payable shall he decided 
by arbiters, one appointed by the District Magistrate, one by the claimant 
and a third by the two arbiters so appointed : a majority decision of the 
arliiters shall be final and binding on Iioth parties. 

9. Destitute patients. — ^The special officer, when he learns that any 
person suffering from Influenza or Acute Pneumonia is left uncared for, 
shall arrange to take him to the nearest hospital. 

10. Public mseiings. — If it appears to the District Magistrate that 
my public meeting, thmtrical or dnenui performance or any gathering of 
persons, in any hall, theatre or public building is likely to spread either 
disease, he may, after giving due notice to the conveners or management 
of such meeting, gathering or performance, prohibit the holding of the same 
for such time as he may consider necessary. He may also close schools. 

11. Spitting in public places.— Tlhe District Magistrate may prohibit 
spitting in the streets or any public place or building. 
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12. Public conveyyices, waiting rooms, etc. — In regulations 13, 14 
and 15 the term public conveyance ” shall he deemed to include tramway 
and railway rolling stock, and such of the provisions of these regulations 
as are applicable to public conveyances shall apply, as far as may be, to 
premises such as waiting rooms, offices, etc., used in connection therewith. 

13. Conveyance of infected persons prohibited,. — No person owning or 
in charge of a public conveyance shall permit a person whom he has reason 
to believe to be suffering from Influenza or Acute Pneumonia to enter such 
conveyance, 

14. Infected travellers. — If any person w'hile using a public conveyance 
develops Influenza or Acute Pneumonia, the person in charge of such 
conveyance shall be responsible for : — 

(а) removing the person so infected ; 

(б) arranging for his accommodation and treatment at the nearest 
place ; 

(c) notifying the facts to the relatives of the patient and to the local 
civil authority prescribed in regulation 3 (a) ; and 

{d) properly disinfecting the conveyance used by the patient before 
it is again used. 

15. Examination of travellers. — The special officer shall have power 
at any halting place or station to enter and examine any person using any 
public railway conveyance ; but such examination shall not entail the 
detention of the conveyance for a longer time than is fixed for its detention 
at such place or station. 

16. Overcrowding of railway carriages. — It shall be the duty of every 
railway servant to remove from a compartment the number of passengers 
in excess of the maximum fixed for such compartment by the railway 
administration and to insist on sufficient windows being kept open to 
ensure proper ventilation. 

17. Co-operation of the Police. — All Police Officers shall afford the 
special officer all necessary assistance in carrying out the provisions of 
these regulations. 

18. Compliance with regulations. — Every person to whom any order 
or req^uisition is directed under these regulations shall duly comply with 
the same, and no person shall obstruct any one in the performance of any 
duty imposed by or under these regulations. 

19. Penalty. — Whoever shall disobey any of these regulations, or any 
order made thereunder, shall be liable to be prosecuted under section 188, 
Indian Penal Code. 

20. Short Title ; Extent ; Local modifications. — The foregoing 
regulations shall be called the Bombay Influenza Regulations and shall 
apply throughout the Bombay Presidency (excluding the City of Bombay) 
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pubject to tht* followinjf modification in the case of Cantonments and Hill 
Stations in embargo of Superintendents : — 

In the ease of Cantonments substitute “ General Officer Commanding ” 
for ‘•{juinmissioner” and “Cantonment Authority” for “District 
Magistrate.” 

Ill the ease of Hill Stations in charge of Superintendents, substitute 
•• Superintendents ” for “ District Magistrate.” 

Mumps. 

Mumps is characterised by an inflammatory affection 
of the salivary glands, and of the parotid gland in particular. 

As to the leiigtli of incubation period in Mumps, the 
report of the Clinical Society Committee states that “the 
interval between the exposure to the source of infection and 
the ons<‘t of parotitis in Mumps is most commonly about 
three wei.'ks, a day more or a day or two less.” 

It is occasionally as long as twenty-five days and more 
rarely as sliort as fourteen days. There are ordinarily about 
three or four days of premonitory symptoms, though these 
amount to little more than general malaise, with some slight 
fever and are generally overlooked. 

In a typical case the glandular swelling probably reaches 
its height in about four days, and in three days later the 
temperature is again normal. The infectiousness in Mumps 
begins with the earliest symptom, and the patient is 
probably more or less infectious till about three weeks after 
the comnienceihent of the glandular swelling. 

Mumps, like Measles, is so very infectious that it has 
often been communicated to companions before the Sanitary 
Authority has had notice of the initial case. Being a disease 
of children and young persons, information of cases is, as a 
rule, mainly derived from school attendance officers. The 
Sanitary Authority can do little except recommend and try 
to obtain such isolation for the patient as is practicable at 
his home. Children from infected houses should be kept 
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from scliools, and after recovery of the patient, infected 
things should be disinfected. It is seldom necessary to 
close a school on account of the prevalence of Mumps. 

Puerpered Fever. 

Puerperal Fever is not now regarded as an acute specific 
fever occurring in lying-in women only, but a puerperal 
septic disease caused by infectious germs directly conveyed 
to the patient by defiled hands, instruments, sponges, etc., 
or otherwise. The organisms found are similar to those 
found in Erysipelas and Wound Fever. Indeed, infective 
matters from an Erysipelas patient or a Scarlatina patient, 
while they may cause Erysipelas or Scarlatina, may also 
cause a disease not distinguishable from ordinary Puerperal 
Fever. 

Generally, about three days after delivery is completed 
the first symptom (chilliness or actual rigors) is noticed. 
The onset of the disease may occur a day after confinement 
or may be delayed for five days. If no symptom manifests 
itself during the first week, the patient has not been affected 
during delivery. The fever, at first rather high, usually 
continues for about a fortnight, when there is a change for 
the better or wmrse. In very severe cases death may take 
place in a few days. 

The patient, and her discharges must be held as highly 
infectious from the first. 

What can the Health OflPicer do in Puerperal Fever cases ? 
They are ordinarily notified to him, or should be, and he 
ought to take some steps to prevent the spread of the disease. 

Hospital isolation is not practicable, nor can much be 
done for the patient, for a case is rarely notified till the patient 
is dying. The infected room and contents should be 
thoroughly disinfected. The midwife or nurse in attendance 
should also be urged to submit to disinfection, and to abstain 
from attendance on other cases for a short period. 
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Epidemic Pneumonia. 

Ejiklemw Pneumonia is an undoubtedly infectious 
disease, tliou,di it has been clearly recognised as such only 
within recent years. After inception the disease is latent 
from about two to five days. The first symptoms are 
rigors or shivering, pain in the side or over the stomach, and 
fever. Sometimes the pain is quickly followed by diarrhoea 
and vomiting. Commonly on the second day there is Pleuro- 
Pneumonia on one or both sides, followed by delirium. 
Gases are often fatal in three or four days. The crisis may be 
expected in a week or ten days, but this may be followed in 
a few days by a relapse. 

This disea.sc is not primarily an affection of the lungs, but 
a fever of which Pleuro-Pneiimonia is a symptom and the 
constitutional disturbance is usually out of all proportion 
to the local disease. 

Debilitated persons, intemperate persons, the aged, and 
all living among squalid surroundings appear to be specially 
liable to attack and to have the disease severely. 

Epidemic Pneumonia may be considered infectious from 
the onset of the disease till recovery from the lung disease 
and the patient ceasing to expectorate, say three weeks, or 
more, 

A person exposed to infection is safe after a week’s 
quarantine. 

Had this disease been more common, or had it been 
more frequently recognised, it is probable it would have been 
included in the diseases ordinarily required to be notified ; 
but little was known of Epidemic Pneumonia till the 
Middlesborough epidemic was investigated and reported on, 
and this was only just before the Infectious Disease 
(Notification) Act, 1889, was passed. 

If the disease were required to be notified in any district, 
early cases would probably be reported and might be 
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removed to hospital with advantage. The infected room and 
clothing could then he disinfected, and any sanitary defects 
discovered on the premises could be remedied. 

Wherever else the infection of Epidemic Pneumonia may 
be, it is certainly in the expectoration, and as portions of 
this, if allowed to dry, may be carried about as infectious 
dust, patients should cough or spit into a piece of rag or 
paper to be at once burned, or into a spitting cup or vessel 
containing a little disinfectant solution which can be emptied 
from time to time into a drain leading to a sewer, and 
cleansed with scalding water. 

Venereal Diseases. 

Under the heading of Venereal diseases, three diseases 
are included, namely, syphilis, chancroid, and gonorrhcea. 

Syphilis is caused by an organism known as the Spiro- 
chcBta Pallida. It is a very minute and delicate, actively 
motile, spirally twisted, thread-like organism. It is present 
in the substance of, and in the discharges from, the 
primary sore or chancre, and its detection under the 
microscope is proof positive of the existence of the 
disease, although its absence does not necessarily 
mean that the sore is not specific. These organisms may 
also be found in the indurated glands, in the various secon- 
dary eruptions of the disease, and sometimes in the blood of 
affected patients. They are generally absent in the terti- 
ary lesions of syphilis. In congenital syphilis, these spico- 
chgetge can be found in large numbers in the tissues. 

The later manifestations of syphihs can be diagnosed 
by means of the Wassermann test. 

Syphilis may be (1) acquired, or (2) it may be 
congenital. In acquired syphilis the mode of contagion 
is generally direct, i.e., the virus is inoculated on some 
part of the body of a healthy person by actual contact with 
an infected one. As this form of the disease is usually caused 


53 


m 


Sanitation in India. 


by promiscuous intercourse, the seat of inoculation is invari- 
ably the genital organs. But it may also be the lips or throat 
(by hissing), or the finger, as in the case of medical men getting 
infected by examining syphilitic patients. The virus may 
also be conveyed indireetly through the medium of cups, 
mugs, pipes, shaving brushes, closets, etc., which, having 
been used by an infected person, are then used by a healthy 
one before being sterilized. This method of contagion is 
more likely to occur in the secondary stage of the disease, 
when the patients who have a characteristic rash on their 
bodies, and white patches in their mouths and throats, are 
in the highest degree iofectious. The incubation period of 
syphilis varies from two to six or seven weeks, and that of 
gonorrhaia, from one to ten days, usually three or four days. 

Hereditary or congenital syphilis is due to infection 
of the unborn child by a diseased mother, or perhaps, by a 
diseased father direct without the mother being apparently 
infected. In most cases a child infected in this way is 
apparently healthy at birth, and the symptoms make their 
appearance in different ways at various intervals. 

A Chancroid or soft sore or soft chancre is due to contagion 
following impure sexual intercourse. As its manifestations 
are only local, it is of no importance from the public health 
point of view. 

Gkmorrheea in males is an acute infection of the urethra 
caused by impure sexual intercourse. The causative organism 
is a Gram-negative diplococcus which is present in the purulent 
discharge and is usually found inside the pus cells. The 
treatment consists of irrigations with 1 in 5,000 solution of 
Potassium Permanganate or Acriflavine while the condition 
is acute and instillation of argyrol 5 per cent, solution or 
weak silver nitrate solutions depending on individual needs 
of the case. The use of Gonoccocal Vaccines is recommended 
for accelerating the progress of the curative process. However 
local treatment is the chief mainstay and has to be carried 
on with patience and perseverance. 
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There are good grounds for believing that venereal 
diseases are widely prevalent in India. From statistics avail- 
able in the various Bombay hospitals, it is inferred that nearly 
thirty per cent, of the hospital patients are infected with 
syphilis. In the opinion of the Eoyal Commission on Venereal 
Diseases, the number of persons in Great Britain, who have 
been infected with syphilis, acquired or congenital, cannot 
fall below ten per cent, of the whole population in the large 
cities. It is necessary to remember that gonorrhoea is 
considerably more common than syphilis, and it would then 
be easy to realize how strong a grip these diseases have on the 
population, and for how much sickness, suffering, and death 
they are responsible. 

The evil effects of venereal diseases entail great loss 
both from an economic and public health points of view. 
Syphilis and particularly gonorrhoea, cause considerable 
suffering to individuals who get infected with them. 
For instance, in males, orchitis, prostatitis, stricture of 
the urethra, cystitis, pyelitis are all common if treatment 
is neglected. In females, inflammation of the uterus, 
lovaries, fallopian tubes, pelvic peritonitis, pyosalpinx, 
leading to acute illness or chronic invalidism, are all likely 
to occur. Gonorrhoeal arthritis or rheumatism may occur 
in both sexes, and lead to more or less permanent crippHng of 
various joints. But apart from these individual sufferings, these 
diseases are responsible for a large proportion of all cases 
of sterility in men and women, which must have an adverse 
effect on the birth rate. This is still further affected by the 
very large number of still-births due to syphilis. These still- 
births contribute in a great measure to an increase of infant 
mortality, and among the unfortunate victims of congenital 
syphilis who escape early death, are the very large number 
who, by reason of blindness, deafness, or imbecility, impose 
such a heavy burden on the State. Ophthalmia ISTeonatorum 
is the most serious of the effects upon the offspring of maternal 
gonorrhoea, and it is estimated that between 50 and 60 per 
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cent, of all blind cliilflren owe tbeir blindness to it. If we 
bear in mind the fact that the education of the blind child is 
much more co.stly than that of the normal child, and also 
that tht‘ earning capacity of these affected people is greatly 
reduced, we shall be able to realize that their maintenance 
and care must (mtail a heavy and uuremiinerative expenditure 
of public and private funds. 

Among the adult population the wastage and mortality _ 
caused liy these diseases are by no means insignificant. The 
loss of working power in the eariy stages when the diseases 
are contracted, though large in the aggregate, is relatively 
small compared with the amount of invalidism, incapacity, 
and deaths caused by the later or tertiary manifestations of 
syphilis. The circulatory and nervous systems are particu- 
larly affected by syphilis, and certain common and fatal 
diseases are the late after-effects of its infection. Amongst 
these may be mentioned aortic sclerosis, leading to aneurysm,, 
aortic regurgitation and angina pectoris due to the involve- 
ment of the coronary arteries of the heart, locomotor ataxy, 
optic atrophy, and general paralyse of the insane. It is 
estimated that the last mentioned disease accounts for about 
15 percent, of all the male admissions, and 3 per cent, of all 
female admissions to lunatic asylums, and as a matter of fact 
the Royal Commission on Venereal Diseases estimated that 
the treatment of Lunacy caused by syphilis involved an 
annual expenditure in England and Wales of about £150,000. 
According to Kenwood and Kerr, syphilis is also probably 
a predisposing cause of tuberculosis and cancer of the tongue. 

Peevention of Yeneeeal Diseases. 

The lines along which these diseases may be attacked are ; — 

(1) Compulsory notification. 

(2) Prompt and efficient treatment of infected persons. 

(3) Education of the public in matters of sex-hygiene, etc. 

(4) Control of prostitution, marriage of infected persons, etc , 
One of the most important prophylactic measures 

against all infectious diseases is compulsory notification. 
In regard to venereal diseases, opinions are divided on the 
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advisability or utility of tbis measure. Notification is of 
little assistance unless it is supported by a system of compulsory 
treatment and perfect secrecy is maintained so as to encourage 
sufferers to come for treatment and continue it till cured. 
Tbe object of treatment is both to cure the iiseased persons 
and what is more important, from the prophylactic point 
of view, to render them non-infective. It is essential, therefore, 
that treatment on modern lines must be begun early and should 
be continued long after all symptoms have cleared up. 

To avoid infection by sexual misconduct it would not 
be improper to instruct people that the risk may be greatly 
lessened if the parts are thoroughly cleaned immediately 
afterwards by careful washing with soap and water, and 
applying calomel ointment to the parts within reach and by 
an injection of 1 in 1,000 solution of Potassium Permanganate 
into the male urethra and female vagina as the case may be. 
To effect this preventive measure “ Ablution Centres ” have 
been established abroad. Such disinfection may be done by the 
person himself known as “ Self disinfection,” or secondly at 
the hands of a trained person, known as “ Skilled disinfection.” 

In regard to education a wide-spread campaign has 
been recommended in this direction, not only as to the 
nature and effects of the disease, but as to the moral and 
spiritual considerations involved in the question of sex 
relations. This instruction should be undertaken either by 
the parents or school teachers, • 

In the fight against these diseases, very stringent 
measures against brothels, soliciting, procuring, and immoral 
literature, are necessary, and as a matter of fact such social 
regulations do exist in Bombay, and are administered by the 
Police with the help of the “ Social Purity League ” and 
other similar bodies. 

The regulation and official toleration of professional 
prostitutes has been found to be medically useless as ; — 

(i) No medical man can possibly declare a prostitute 
free from disease by occasional examination. 
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either bi-weekly or weekly— when she exposes 
herself frequently to possible infection. (n‘) 
{Secondly there is a false sense of security engender- 
ed in the minds of young men by this State 
Regulation, and they are naturally encouraged 
to expose themselves to risk, {in) Thirdly, a 
large amount of clandestine prostitution is not 
aSected by these measures, and it is futile to 
put out of action some diseased women if diseased 
men continue to infect others. 

The Local Government Board in England have issued 
certain regulations (Public Health — Venereal Diseases, 
Regulations 1916) for providing treatment and carrying 
on an educational campaign. All information obtained 
in regard to any person treated should be regarded as con- 
fidential. “ The Venereal Diseases Act 1917 ” in England 
makes it illegal for any but a fully qualified Medical Prac- 
titioner to undertake the treatment of these diseases. 

Opinion is gaining strength that persons in an infective 
state should not be allowed to marry. Such preventive 
legislation does exist in Sweden but it would be a matter 
of absolute impossibility in India. 

The Social Hygiene Council are of opinion that in a 
place like Bombay, there is little to be gained from compulsory 
notification . and treatment, and they offer the following 
three constructive suggestions for dealing with these diseases 
in Bombay 

“ (1) A high standard of free and adequate facilities 
for the diagnosis and treatment of Venerea] 
Diseases, available to the whole population. 

(2) An intensive and continuous campaign of public 

enlightenment. 

(3) A system of voluntary treatment should be initiated 

and actively promoted over a period of years.’' 
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Period of Isolation of the Infected in Various Infectious 
Diseases — Infective Period. 

Varicella {Chichen-'pox). — Until every scab has fallen off, 
particular attention being paid to the scalp. 

Diphtheria. — In no case for less than four weeks, and 
until convalescence is completed, and there is no longer any 
sore throat, or' any abnormal discharge from the throat, 
nose, ears, or eyes, no cutaneous pustulation and no albu- 
minuria, and at least two successive bacteriological examina- 
tions of the pharyngeal and nasal mucus for the specific 
bacillus have been attended with negative results ; each 
examination having been made not less than twelve hours 
after the discontinuance of local antiseptic apphcations. 

Rubeola [German Measles) and Epidemic Roseola. — Por not 
less than ten days from the date of the appearance of the rash. 

Morbilli [Measles).— Until desquamation of all the 
scabs and subsidence of all catarrhal conditions. Usually, 
not less than three weeks from the date of the appearance of 
the rash, convalescence being satisfactorily established. 

Mumps.— Voi not less than three weeks from the 
commencement, provided that one clear week has elapsed 
since the complete subsidence of all swelling. 

Scarlatina [Scarlet Fever).— V ot not less than six weeks 
from the date of the appearance of the rash until convales- 
cence is completed, and there is no sore throat, discharge 
from the ear or nose, suppurating or recently enlarged glands, 
or eczematous patches. If nasal or aural discharges persist, 
complete isolation for 12 weeks (preferably upto 20 weeks) 
should be enforced. 

Variola [Small-pox).— Until every scab has fallen off 
and the skin lesions have all healed. 
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Pertussis {WJioopiv)^ Cough ). — For not less than six weeks 
from the commencement of the whooping, and until the 
characteristic spasmodic cough and the whooping have 
ceased for at least two weeks. 


Table of Incubation and Quarantine Period in Days. 



Incub- 

Aver- 

Quaran- 


ation. 

age. 

tine. 


Days. 

Days. 

Days. 

Varicella (Chicken-pox) . 

. . 11—19 

14 

20 

Diphtheria 

few hours — 5 

2 

12 

Rubeola (German Measles) 

. . 9—18 

14 

20 

Epidemic Roseola 

. . 9—18 

14 

20 

Morbilli (Measles) . . 

. . 10—14 

10 

18 

Mumps 

. . 14—23 

21 

24 

Scarlatina (Scarlet Fever) 

.. 2—8 

4 

10 

Variola (Small-pox) 

.. 10—14 

12 

16 

Whooping Cough . . 

. . 7—19 

14 

21 


Flies. 

In the preceding pages of this chapter, reference has 
frequently been made to the flies as being concerned in the 
transmission of several diseases. An account of the life- 
history of the fly and the measures for its control, will not 
be out of place here. 

The flies that enter houses and carry disease are generally 
of two kinds ; House-flies and Blow-flies or Blue-bottles. 
Howard, working in the United States, accounted for no less 
than 77 varieties, of which 36 accomplished their larval 
evolution in refuse and filth. Among those which are met 
with in houses, some possess a great numerical predominance 
in inhabited surroundings. The following is a list, in order 
of their importance ; — 

(1) The house-fly [Musca domestka), by far the most 
common and representing 97 per cent, of the flies in houses. 

(2) The lesser house-fly {Fannia canicularis), which 
appears sooner than the preceding one, and is distinguished 
by its lesser dimensions. 
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(3) The blue-bottle or blow-fly {Calliphora vomitoria), 
which scents meat from afar and which is so troublesome to 
get rid of. 

(4) The green-bottle (Lucilia ccBser) always in quest of 
decomposing matter, where it thrives and propagates. 

(5) The striped fly (Viviparous), which may be seen 
flying in the country and depositing completely formed 
grubs on putrescent matter. 

It is exceptional to meet inside houses the Stomoxys 
calcitrans or Muscina stahulans, the stable fly or biting house- 
fly, which harasses domestic animals in order to suck their 
blood. 

Structtjee of the Fly. 

While it is unnecessary to enter into a detailed account 
of the anatomy of flies, a short account of certain features 
is desirable. 

The house-fly, the blue-bottle and the green-bottle have 
somewhat similar characters. All are inermous, i.e., are 
deprived of biting organs ; they have maxillary palps and a 
proboscis through which the fly sucks up the fluids on which 
it feeds. 

The extremity of the leg (tarsus or foot) is covered with 
minute microscopical hairs, and has a pair of membraneous 
pads or pulvilli covered on their ventral surface with innu- 
merable closely set hairs forming a kind of cup. By some 
these cups are supposed to form a sort of vacuum, by means 
of which the insect is able to adhere to objects on which it 
alights. By others, it is supposed that the pads secrete a 
sticky substance by means of which the fly grips. Each 
leg is like a minute paint brush, which is applied to the surface 
of whatever it rests upon. 

When this is water, the hairs do not appear to be wetted. 

The essential parts of the alimentary canal are a guUet, 
stomach, crop, intestine and rectum. The gullet is prolonged 
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to a minute opening between the flaps of the proboscis, 
half-way down which it is joined by the salivary duct. At 
the entrance to the stomach it is bifurcated, and one limb 
of the bifurcation is extended backwards to the bi-lobed 
crop. By a valvular apparatus at the entrance to the 
stomach, the insect can direct the liquid, driven by the pump 
in its trunk, into either the stomach or crop. The proboscis 
is a highly elastic muscular organ with universal movement. 
At the end are two flaps or labella, which it can open out 
like the leaves of a book, and apply the medial surfaces to the 
material it feeds upon. From the middle line or hinge, 
minute chitinoiis channels pass outwards to the margin. 
These tubular structures are strengthened at frequent inter- 
vals by chitinous rings like a trachea, but are not complete 
tul)os, being open to the surface by a minute linear channel 
with lateral bays in it. At the base of the trunk, a number 
of miuscle fibres are attached to the gullet, by the peristaltic 
contraction of which fluid is pumped up from the mouth 
and propelled into the stomach or crop. The structural 
arrangement of the flaps of the trunk acts as a fi.lter. Graham 
Smith is of opinion that solid objects larger than 
0.006 m.m. seldom pass into the gullet. According to 
Nicoll, the ova of such tape-worms as do not exceed 
0.035 m.m, in their smallest diameter may be swallow^ed. 
These must therefore get into the mouth direct. When 
feeding on a liquid, the fly applies the labella to the surface, 
and sucks the liquid through the “strainer” first of all into 
the crop. When this is full, some goes into the stomach. 
In the case of solid material such as sugar, dried blood or 
sputum, the insect must first dissolve the material. This is 
done by pouring saliva upon it or more generally by regurgi- 
tating some of the contents of the crop (Graham Smith). 

Graham Smith by feeding experiments with colour- 
ed syrup, found that the meal was first taken into the 
crop, and subsequently transferred to the stomach at leisure. 
The fly could, how^ever, first fill its crop and then its stomach. 
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In a quarter of an Four, tFe meal Fad passed on to tFe upper 
tFird of tFe intestine and in a warm incubator at 37° C-, 
reacFed tFe rectum witFin an Four. TFe % seems to keep 
some of tFe fluid in its crop for days. 

A well-fed fly deposits faeces abundantly. Graham Smith 
noticed flies to do this ten times in the first Four after 
feeding. A curious habit of flies, to wFicb, so far as we know, 
attention was first drawn by Graham Smith, is the regur- 
gitation of the contents of their crops. This Fas abeady 
been referred to as a means by which they are enabled to 
feed upon dry material soluble in water. They do this 
very frequently when walking over a clean glass, possibly 
with the idea of extracting nourishment from it. A fly, 
after a good meal, may often be seen blowing fluid bubbles 
from its trunlr and sucking them in again. 

From the above account it is clear that there are a 'priori 
reasons for suspecting the fly of carrying bacterial infection. 
Born in a dunghill, it spends its days flitting between the 
sugar basin, milk pan, and any fsecal matter available. Its 
hairy, probably sticky, feet and the habit of regurgitating 
the contents of the crop and defsecating at frequent intervals 
suggest it to be an excellent inoculating agent for any bacteria 
it may pick up in the satisfaction of its unsavoury tastes. 

That it does, indeed, operate in this way has been abund- 
antly demonstrated. Flies which have wandered over cultures 
of organisms, and afterwards been allowed to walk upon 
sterile agar plates, leave a rich crop of germs as their foot- 
prints, which can be demonstrated by subsequent incubation. 
Castellani transferred Yaws to monkeys in an analogous wa}^. 

The conveyance of infection by the alimentary canal and 
its deposition by regurgitation or faeces has been conclusively 
proved. 

These modes are probably more important than the 
carriage of bacteria upon the exterior. Many pathogenic 
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bacteria would soon die from desiccation on the appendages 
of the insect and, at any rate, the number so conveyed is 
small compared to those contained in its crop and intestine. 

Carriage within is certainly more lasting, for Graham 
Smith to whom we are indebted for the most thorough 
investigation of this subject, isolated T}'phoid and other bacilli 
from the intestinal contents of flies six days after feeding 
on material containing the organism under test. The frnces 
ceased to afford growths after two days when Typhoid bacilli 
were the infecting organism used, hut with a more robust 
organism, such as Antlirax, which can protect itself from 
the effects of drying, the time was much longer. 

The table below taken from Dr. Graham Smith’s report, 
summarizes the result of his experiments on the length of 
time after “which various bacilli can be recovered from the 
outside and inside of flies fed on infected material. As the 
author is careful to point out, in these experiments gross 
infection was produced by feeding upon pure cultures, and 
they do not do more than indicate the duration of life of 
various pathogenic bacteria under favourable conditions. 


Table showing the longest period apter which 

ORGANISMS WERE RECOVERED PROM PLIES FED ON 

CULTURES (Graham Smith). 


Organism. 

Legs, 

W'ings. 

Head. 

Crop. 

Gut. 

Faeces. 

B. typhosiis 





6 clays. 

2 days. 

B. euteritidis 

7 days. 


7 days. 

8 days. 

7 days. 


B. tuberculosis (culture) . , 




3 days. 

16 days. 

13 days. 

B. tuboroulOBls (sputum) . , 





7 days. 

5 days. 

Yeast 

2i brs. 

2ihis. 

2ihra. 

2 days. 

3 days. 

2 days. 

U. diphtlioriae 

5 lirs. 

5 hrs. 

5 days. 

7 days. 

5 days. 

2 days. 

B. anUiracls (no spores) . . 

2 days. 


4 days. 

5 days. 

3 days. 

2 days. 

B. Choler® 

SOhrs. 

5 hrs. 

5 hrs. 

2 days. 

2 days. 

SO hrs. 

B. prodigiosus 

8 days. 

12 hrs. 

11 days. 

5 days. 

17 days. 

6 days. 

Anthrax spores 

20 days. 

20 days. 

20 day's. 

13 days. 

20 days. 

13 days. 
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Cao, Bacot, Ledingham and GraFam Smith have further 
shown that in the case of larvae fed on material infected 
with various organisms, B. pyocyaneus, B. typhosus, 
and B. anthracis respectively, the infection may be carried 
through the chrysalis stage and recovered from the 
contents of the intestine of the fly after its emergence. 
Fortunately, however, according to Ledingham, B. typhosus 
leads a precarious existence in competition with the natural 
bacterial flora of the larvae and pupae. 

There are numerous recorded instances, in which the 
pathogenic organisms of Cholera, Typhoid, Phthisis, Anthrax 
and Plague have been recovered from the interior or dej ections 
of flies which have been captured in the immediate neigh- 
bourhood of cases of the disease or, in the last two cases, of 
carcasses of animals dead of the disease. The spread of 
Ophthahnia in hot countries has, on good grounds, been 
attributed to the agency of flies in carrying the Koch- 
Weeks bacillus and the gonococcus from eye to eye. The 
seasonal and local prevalence of Ophthalmia corresponds 
with that of flies. 


Habits oe the Fly. 

All these insects have the same habits and especially the 
same craving for decaying matter. The house-fly, which 
particularly interests us, seeks the environment of man, 
lives in his surroundings, passes alternately from the interior 
to the exterior of habitations, always in search for food, 
sometimes flying to a distance of several hundred yards. 
It is precisely in man’s surroundings it finds most easily 
pathogenic material to transport ; hence the danger arises. 
During its wanderings, the insect stops at all kinds of sub- 
stances which attract it, plundering successively filth, manure, 
house refuse, street sweepings, mud from streams, &c., 
then it alights on our food on street stalls and in markets or 
in the interior of houses which it contaminates. It is easy 
to imagine what may result from this continual going and 



846 


Sanitation in India. 


coming of these dirty insects. Fresli and moist defectations 
attract them much more than old and dry ones ; their avidity 
is even greater for the segments of flat worms which they 
may find there. The females are particularly attracted 
by putrefactive odours, which indicate to them the favour- 
able places for breeding. To lay their eggs, the flies seek 
organic substances in decomposition, so that the larvae will 
be assured of nourisbment. The house-fly is very fond of 
dung especially horse dung, stables and badly kept yards, 
and does not ignore the privies, middens, refuse heaps, 
kitchen waste and in a general way, everything that can 
putrefy. Its eggs have even been found in fermenting straw, 
old j>apers and rags, and even in accumulated dust in the 
cracks of window frames. 

Life History op the Fly. 

The fly undergoes a complete metamorphosis, in which 
there are four well marked stages. These are — 

(1) the egg, commonly known as fly-blows, 

(2) the larval or maggot stage, 

(3) the pupa or chrysalis stage, and 

(4) the nymplia terminating in the imago or perfect fly. 

ls( Sfaffe,—Tlie eggs are laid in small irregular clusters 
or in large collective masses, consisting of many thousands 
of individual eggs. They are almost invariably deposited 
on or in such substances as will provide food for the larvas 
or maggots. They are usually placed in narrow crevices 
near the surface, but occasionally also at a distance of from 
4 to C) inches below the surface, the favoured spots in all 
cases being fermenting vegetable matter or the refuse lying 
immediately over such materials, or the refuse tliat is likely 
to ferment. They may however be laid, on materials 
which do not ferment, and in all such cases the develop- 
mental cycle is greatly prolonged. 
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The number of eggs laid by a single fly at a time averages 
from 100 to 120 disposed in a heap, or even 3 or 4 similar 
heaps. 

The eggs are sausage-shaped with one end sharp, glistening 
white in colour, and about 1.6 to 2 m.m.longby ‘3 to 5 m.m. 
broad in their greatest diameters. The hatching of the egg 
into a larva or maggot depends on the temperature and the 
time of the year. In very favourable circumstances, it 
may occur in 8 hours, more often in 24, and it may extend 
to 3 or 4 days. The larva is an active little grub 2 m.m. 
long with a sharp anterior and a blunt posterior end. In 
appearance it is composed of a series of rings, legless and 
creamy white in colour. It is essentially a vegetable feeder ; 
animal matter is eaten only when in the form of human 
fseces or animal excreta. It has never been found feeding 
on the carcasses of dead cats and dogs, or of birds and fish 
remains. 

2nd Stage . — ^The larvse thrive and mature most rapidly, 
and are always most abundant in fermenting materials ; but 
they can also mature in non-fermenting substances during 
warm weather, though very slowly. 

In stable manure they arc generally most numerous a 
few inches below the surface, and they work their way up- 
wards day by day into fresh material a few hours (5 to 6) 
after it has been added to the previous accumulation. This 
marked habit is evidently due to the excessive heat which 
is engendered in the lower strata ^of the manure. The gro^vth 
of the larv03 depends on conditions of nutrition and the 
temperature : it is usually rapid and completed in 4 to 5 
days but imder unfavourable circumstances, it may extend 
over several weeks (upto 6 or 8). In due time the larva 
hardens, becomes shorter and is transformed into a pupa. 
At the time of pupation, the grub is 6 to 9 m.m. 

Zrcl Stage . — The 'pu'pa or chrysalis h at first of a pale yellow- 
ish colour, but rapidly changes to bright-red and finally 
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to a dark cljestiint colour. It is somewhat barrel-shaped 
and varies in length from to of an inch. Small examples 
are found where the temperature has been low or excessively 
hot and somewhat dry. Large examples invariably occur in 
fermented materials, more especially so in stable manure. 

In stable middens, the pupae occur chiefly at the sides 
or at the top of the wall or framework of the receptacle 
where the temperature is lowest. In such situations they 
are often found packed together in large masses numbering 
many hundreds. The flies emerge from the pupae, under 
the most favourable conditions, in five to seven days. In 
all cases where heat is not produced by fermentation, the 
|nq)al stage may last from 14 to 28 days, or even considerably 
more. 

itli Stage . — It is under the membrane of this pupa that 
the nymphal stage takes place, lasting under the most 
favourable circumstances from 3 to 7 days according to the 
temperature and this gives birth to the mature fly or imago. 

The perfect fly escapes from the pupa by breaking away 
the anterior end; this it accomplishes by inflating the frontal 
sac, which is situated between the eyes. By the inflation 
of this sac, the fly is also enabled to force its way through, 
the manure or ashes into the open air. When once it 
has liberated itself, the wings develop and, when the inte- 
gument ias sufficiently hardened, the fly takes to wing. 
Pairing takes place in due time, eggs are laid and another 
generation is started. The whole cycle from egg to perfect 
insect occupies, imder the most favourable conditions, from 
10 to 14 days, but in low temperatures, the whole cycle may 
extend to several weeks. 

The sexual maturity is precocious in the house-fly. 
According to Hewitt, they become sexually mature in ten to 
fourteen days after emergence from the pupal state ; and 
four days after mating, they are able to deposit eggs. G-riffith 
has even seen females lay eggs ten days after hatching out. 
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Howard thinks that these figures, taken from experimental 
breeding, are a little exaggerated and that, in the conditions 
of free life and abundant nourishment, the laying should 
commence earlier. Whatever it may be, admitting a margin 
of fifteen days for the complete development of the insect, 
from the egg upto the imago ( the evolution is often quicker), 
one can see that during the six months of the favourable 
season, a single fly can % seven difierent batches and 
produce seven successive generations. As the number of 
eggs laid by each female is about 120, it follows that from 
the beginning of summer to the first touches of autumn cold 
a single fly can produce millions of individuals. Calculating 
all the chances, one obtains stupefying figures. According 
to Howard, a single fly commencing to lay about April 15, 
in the climatic conditions of Washington, could from this 
date up to the end of September, and by the ulterior proli- 
feration of the individuals of each successive generation, 
produce 5,598,720,000,000 flies. Considering this gigantic 
fecundity, it is easy to understand the extraordinary increase 
of these diptera in favourable conditions. 

Length op Life. 

The length of life of flies has not been definitely established ; 
it appears to be from six weeks to nearly four months during 
the summer. The house-fly is common in houses from 
June to September, is scarce in October, and is very rare 
as soon as the first cold of winter approaches. The fall of 
temperature suffices to kill ofi a very large number ; many 
succumb to an infection by a parasitic fungus, Empusa muscu, 
w^hich is prevalent amongst insects particularly at the 
beginning of autumn. It has been too easily believed that 
all the adult flies perish in winter : if this were a fact, it 
disagrees with the perpetuity of the species. The researches 
of Jepson on the breeding of flies in winter at laboratory 
temperature (18® C. to 24® C.) have resulted in some interesting 
observations on this subject. Contrary to pubhc opinion, 
he says that flies do not all disappear in winter, but know 
54 
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wliGrG to ftnd pljicfts and conditions of tsinperature suitable 
for tbeir prolonged existence. Those that are caught in winter 
have a greater resistance and longe\nt7 than those caught 
in Slimmer and appear to be better adapted to surviving. 
?lies mate in winter also ; they can therefore reproduce 
in this season, if nothing interferes with the evolution of 
their larvae in their resting-places. These facts are in agree- 
ment with current observations. Assuredly, the first frosts 
kill the majority of the diptera exposed to the cold, as well 
as their eggs, larvae and pupae. But a certain number continue 
to live, fly and mate in heated or naturally warm places. 
Others hibernate, benumbed, in certain protected places, 
and await the hour of revival for the reproduction of the 
species. Galli Valerio has observed in his laboratory, in the 
middle of winter, generations of flies emerge from eggs laid 
in dust in cracks of window frames ; reproduction can there- 
fore take place in winter. This question of hibernation of 
flies of which we only possess imperfect knowledge, is highly 
important from a practical point of view. It deserves to be 
studied for obtaining precise knowledge as to the conditions 
of living, surroundings, temperature, &c., which are favourable 
to the life of these diptera and their indefinite preservation. 
As Jepson rightly says, if the winter flies are only found in 
certain warm places and as isolated colonies, we may hope 
to reduce their number appreciably and perhaps exterminate 
them. 

Nuisance prom Blies. 

The system of refuse removal in the City of Bombay aims 
at preventing a single dust-bin remaining unattended to in 
the course of the day. But the most important point is 
that no refuse, etc., should remain clinging on the side and 
crevices of these carts, as such places may afiord a nidus for 
the flies to deposit their eggs. Bor this reason it is absolutely 
necessary that all carts should be washed at least once in 
every seven days. There is a standing order of the Health 
Department to this effect. 
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As regards human excreta, there is no doubt that basket 
privies provide breeding and feeding ground for flies. In 
order to minimise this nuisance, the system of removal 
twice a day has been introduced so as to prevent accumula- 
tion. The most serious nuisance that is observed 
everywhere is the practice of allowing young children 
to defsecate in public streets, alleys and passages. In all 
the Presidency Magistrates’ Courts this offence is considered 
punishable under section 372 of the City of Bombay Municipal 
Act. This fi^lthy habit must be checked by repeated prosecu- 
tion of the parents. 

There now only remains the question of stable-refuse 
accumulating in licensed and unlicensed stables. Such heaps 
of refuse, especially in the monsoon, afford suitable breeding 
places for these fl.ies. It is therefore very necessary to 
enforce the sections of the Act bearing on the subject, 
espcicially section 372. It is also desirable to treat such 
heaps every three days with a solution of pesterine, as it 
is a known insecticide. 

Flies have a ‘persistent habit of feeding or alighting upon 
human excreta and thus they play a very important part 
in the transmission of certain infectious diseases. 

Professor Eobert Newstead of the Liverpool School of 
Tropical Medicine carried out a long series of systematic 
investigations on this subject ; he observed flies sitting on 
deposits of human excreta in the courts and passages of 
Liverpool houses and the same thing is observed in houses 
in India. 

Control of Domestic Fly. 

Mr. Newstead summarises his conclusions as follows ; — 
i. The chief breeding places of the house-fly are — 

(a) Stable middens containing fermenting horse-manure or a 

mixture of this and cow-dung. 

(b) Ash-pits containing fermenting vegetable matter in about 

25 per cent, of the total number of pits examined. 
ii. Covered ash-pits and middens were as badly infected as those which 
were open. 
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iii. Houfse-ffics breed in all temporary collections of fermenting matters, 

iv. Hniise-flics l>reed in relatively small numbers in ash-pits where no 

fermentation takes place. 

r. They do not breed in ash-pits which are em^ptied at short intervals, 
or in the patent bins. 

vi. The use of <lisinfectants in ash-pits does not prevent the flies breed- 
ing in such receptacles. 

rli. Very dry or excessively wet ashes and moist cow- dung do not 
harbour them. (In exclusively hot summers cow-dung may form 
a breeding place for the house-fly. The admixture of a large 
quantity of bedding (straw or saw-dust) would also render it 
■suitable for breeding purposes.) 

i!i!. The presence of fowLs (not ducks or geese), which had free access 
to the stable middens, reduced the number of larvae and pupse 
to a very marked extent. 

(>. The life-cycle of the fly in all kinds of fermenting materials is 
reduced to the minimum period of 10 to 14 days ; and in the 
ah.sence of such artificial heat, the cycle may occupy a period 
of from 3 to 5 weeks or more, according to the temperature of 
the outside air. 

X. House-flies do not depend entirely upon excessively warm weather 
for breeding purposes, though in hot seasons they would breed 
much more rapidly in non-fermenting materials, and their num- 
bers, under such conditions, would be greatly increased. 

Mr. Kewstead further makes the following suggestions 
to reduce house-flies to a minimum : — 

(1) Stable manure should not be allowed to accumulate in the mid- 

den steads for a period of more than seven days. 

(2) All midden steads should be thoroughly emptied and carefully 

swe^it. The system of partly emplying such receptacles should 
in all cases be discontinued. The -walls of midden steads 
should also be cemented over ; or failing this, the brick work 
should be sound and well-pointed. 

(3) All ash-pit.s should be emptied during the summer months at 

intervals of not more than ten days. 

(4) The most strenuous efforts should he made to prevent children 

defaecating in courts and passages ; or the parents should be 
compelled to remove such matter immediately ; and defecation 
in stable middens should be strictly forbidden. The danger lies 
in the overwhelming attraction which such fajcal matter has for 
house-flies, which latter may afterwards come into direct con- 
tact with man or his food stuffs. They may, as Dr. Veeder 

puts it, “in a very few minutes load themselves with 

dejections from a Typhoid or Dysentric patient, not as yet sick 
enough to be in hospital or under, observation, and carry the 
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poison so taken up into the very midst of food and water ready 
for use at the next meal. There is no long round-about process 
involved.” 

(5) Ash-pits refuse, which in any way tends to fermentation, such as 

bedding, straw, old rags, paper, waste vegetables, dirty bedding 
from the “ hutches” of pet animals, etc., should, if possible, be 
disposed of by the tenants preferably by incineration, or be 
placed in a separate receptacle so that no fermentation could 
take place. Pesterine — crude petroleum — kills larvae and eggs 
and prevents the breeding of flies. 

(6) The application of Paris Green (containing arsenic, copper and 

acetic acid) at the rate of 2 ozs. to one gallon of water to either 
stable manure or ash-pit refuse will destroy 99 per cent, of the 
larvJE. , 

One per cent, of crude atoxyl in water is deadly to fly 
larvffi. (Care should be taken that cattle do not eat the straw 
treated with this poison.) 

(7) The use of sun-blinds in all shops containing food which attract 

flies would largely reduce the number of flies in such places 
during the hot weather. 

(8) The screening of midden steads with fine wire gauze would, un- 

doubtedly, prevent flies from gaining access to manure, etc., 
but it is very doubtful if this method would meet with any 
marked success. The gauze would rapidly oxidise, the frame- 
work supporting it would probably warp and a number of flies 
would be admitted whenever the receptacle was opened. 

Mr, H. Maxwell Lbproy states. — ^To keep flies out of 
houses, to lessen their numbers and to prevent the dissemina- 
tion of disease by their agency, some or all of the following 
methods will prove useful and may he found jjracticable : — 
Stable or farm yard manure should be dried, or dug 
into the ground ; it should not be allowed to rot in a heap 
in the open. If this is not possible, periodical sprinkling 
with borax or crude mineral oil may keep flies from laying 
eggs upon it or kill any eggs that may be dej)0sited. If 
the dung heap can be spread out and dried every few days, 
the breeding of flies will be prevented. “ Flies cannot breed 
in dry surroundings.” 

Borax has not been found suitable under all circumstances, but New- 
stead finds that watering manure with borax solution hinders the pupation 
of the maggots. After exhaustive trials in England, the following method 
has been found best : a crude tar or creosote oil, such as green tar oil or 
neutral blast furnace oil is mixed at the rate of 1 gallon to 40 gallons of 


854 


Sanitation in India. 


earth or aand and the mixture spread over the manure heap one inch deep, 
U., 40 gallons mixture to 80 square feet of surface. Manure so treated 
is immune from fly-hrecding and if already infected is rendered unsuitable 
to the further develoiment of the maggots. If it is a question of dealing 
with manure containing no straw or litter, the oil alone may be used 
watered on very lightly, i.e., 1 gallon to 80 to 100 square feet of surface. 
Crude mineral oil does not give such good results. 

Where any form of crude tar or creosote oil is available, the method 
is cheap and simple. 

W'here space is available, simply .spreading manure out on the soil in a 
layer four to six inches deep prevents fly-breeding except in warm, wet 
weather. 

At large cavalry and remount depots, the accumulation of stable manure 
has been so large and continual, that special methods have had to be de- 
vised. On the manure .stacks, spots where flies congregate are marked with 
stick.H and at evening the manure at these spots is taken out and burnt 
or treated, as it contains immense accumulations of eggs. Tins filled with 
dry ehaff.s and with slits cut in the sides are sunk flush in the manure at 
selected spots and immense quantities of maggots go into these to pupate ; 
the maggots that collect at the lower edges of the stack to pupate are 
destroyed by watering with creosol-soap solution or other insecticides. 

These are K{)ecial methods which have to be devised to meet local 
need.H and to utilise materials that may be locally available. 

“ A manure heap can be used as a fly-trap if kept slightly moist and 
encircled to a distance of about twelve inches by a ring of straw,” etc., 

great quanfities of pupse will be got at the lower edges if a suitable 
dry material is provided there. 

The brown chrysalides must be swept up with the straw and burnt every 
four days to prevent the oldest emerging as flies. 

In America the official directions for the use of borax 
are as follows : — 

“ Apply 0.62 pound (approximately ten ounces) of borax to every ten 
cubic feet (eight bushels) of manure immediately on its removal from the 
stable. Apply the borax particularly around the outer edges of a pile 
with a flour sifter or any fine sieve, and sprinkle from 2 to 3 (say 2^ 
British) gallons of water over the borax-treated manure in such a way as 
to thoroughly dissolve the powder. 

“ The reason for applying borax to the manure immediately after its 
removal from the stable is that the flies lay their eggs on the fresh manure, 
and the borax, when it comes in contact with the eggs, prevents their 
hatching. As the maggots congregate at the outer edges of the pile, most 
of the borax should be applied there.” Cost per horse per day, about 
i anna. 

Outside the house, ffies can be much reduced by sprinkling 
poisonous fluids on walls, trees and roofs, and other suitable 
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places where flies gather ; such fluids are also useful on manure 
heaps to poison the flies which come to lay eggs. 

The liquids should be syringed or sprinkled in large drops 
out of the reach of children or domestic animals ; if sprinkling 
cannot be done, bunches of grass may be dipped in the fluid 
and himg up out of reach. 

Suitable fluids are mixtures of treacle or brown sugar 
with water, to which is added a little sodium or potassium 
arsenite. 

(Formula :• — Treacle 10 lbs., arsenite of soda or potash 
2 lbs., water 10 gallons; or treacle 1 lb., honey 1 lb., arsenite 
of soda or potash } lb., water 10 gallons.) 

Where house-flies are abundant in a house or hospital 
ward, a solution of formalin containing milk should be 
placed about the room in saucers containing a piece of bread, 
or strips of cloth, wetted with the liquid, should be similarly 
distributed (Lefroy). Formula — ^Formalin ounce, milk 

1 pint, water one pint. 

In France, the wires removed from baled hay are employed 
as fly-catchers by dipping them in the sticky liquid made of 
resin and oil and hanging them up ; when they are coated 
with flies, the wires are removed and wiped, re-dipped and 
replaced. A suspended wire or string is usually more attrac- 
tive to flies as a resting place than any other object (Lefroy). 

Formula . — Eesin 2 parts, linseed oil one part, boiled 
till the mixtiue becomes sticky. 

A very simple fly trap can be made with a wide mouthed 
glass jar by placing in the mouth a funnel made of tin, wire 
gauze or of paper folded like filter-paper with a hole at the 
apex. A bait must be placed in the jar, when flies will 
enter through the funnel and be unable to escape: a good bait 
is a banana, some jam or some cornflour, or similar pudding 
or custard. 
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CHAPTER IX. 

Malaria and Mosquitoes. 

Malaria is a parasitic disease caused by a plasmodium 
belonging to the class of sporozoa. The disease is conveyed 
from man to man by a mosquito of the auopheline species. It 
is largely prevalent in the tropical and sub-tropical countries. 

The fever is characterised by three stages — 
cold, hot and sweating. In the first stage there are peculiar 
chilly sensations wnth pains in various parts of the body. The 
chilly sensation increases rapidly and the patient begins to 
shiver and is compelled to go to bed. He feels intensely 
cold and piles over himself a heap of bed-clothes. This stage 
usually lasts from a few minutes to half an hour or it may be 
longer. 

The hot stage may set in gradually or suddenly. As the 
temperature goes up the shivering lessens. The blankets or 
heavy clothes are thrown off. The patient has severe head- 
ache and there is often vomiting. The temperature varies 
from 102.5 to 105T, or higher. This stage lasts a varying 
length of time according to the type of the infecting parasite. 

In the sweating stage sweat appears on the forehead, 
chest and hands followed by a drencliing perspiration. 
The temperature falls to normal and the patient feels 
comparatively free from discomfort. This stage lasts from 
two to four hours. 

After this the patient feels well and is able to attend to 
his normal avocations without much discomfort. The attacks 
of fever recur at definite intervals corresponding to the length 
of time which the infecting parasite takes to sporulate which 
may be 24, 48, or 72 hours. 

After a few attacks, with proper treatment, the fever 
disappears. Sooner or later the person may again suffer from 
attacks of fever if he is indisposed or catches chill or if his 
general vitality is lowered from some cause. 
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In clironic cases of malaria the spleen and liver are 
enlarged and the person becomes very anaemic due to the 
continuous destruction of blood cells by the parasites. In 
children living in malarious districts and who have suffered 
from the disease the enlargement of the spleen is very 
marked. 

Malarial fever does not commonly kill directly. The 
mortality is only 1 to 2 per cent. Eepeated attacks by 
lowering resistance predispose the sufferers to other diseases. 
The disability due to malaria is so great that frequent 
attacks interfering with the regular work of labourers and 
others cause considerable economic loss. 

. Diagnosis . — The clinical manifestations of malaria are so 
varied that they may simulate any other disease. Malaria 
cannot be diagnosed from fever alone. Clinical symptoms 
and the temperature chart are suggestive of malaria but not 
diagnostic. Presence of parasites in the blood is the only 
true test of diagnosing malaria. 

Historical . — few facts relating to the discovery of the 
cause of malaria which are of historical interest may be 
mentioned. 

Before the discovery of the cause of malaria the disease 
prevailed largely in Italy, particularly in the vicinity of 
marshy lands in the southern parts of the country. At first 
it was believed that the fever was caused by damp air emanat- 
ing from marshy swamps in the neighbourhood of their 
dwellings. “ Malaria”, the name of the fever, is originated from 
this belief of the Italians as in their language “ Mai ” means 
" bad ” and “ aria ” means air.” They were not very far 
from the truth in stating that they suffered from this peculiar 
type of fever on account of their living in the vicinity of 
marshes but they entirely lost sight of the chief factor which 
had its origin in the water-logged lands and was largely 
contributing to the spread of the disease. 



868 


Sanitation in India. 


In 1898 Ross working in India demonstrated that a cer- 
tain species of mosquitoes transmitted the disease from man 
to man through their bites. He showed that if a particular 
type of mosquito be fed on the blood of birds infected with 
plasmodium it enters the stomach wall of the insect where it 
grows and sporulates. The resulting sporozites ent.er the 
salivary glands of the insect which is then capable of infecting 
other birds by its bite. Thus by direct observation and ana- 
logy Ross proved distinctly that the extra corporeal phase of 
the malaria parasite was passed in particular species of mos- 
quitoes and that the parasite was transferred from man to 
man by the mosquitoes. 

Malaria •parasite . — ^The malaria parasite is a protozoon 
lowest in the scale of animal life and consists of one cell only. 
It is a parasite li\nng and grownng at the expense of other 
animals which are called its hosts. During the process of de- 
velopment and multiplication it produces a variety of chemi- 
cal substances. This parasite multiplies both sexually and 
asexually, the asexual process is carried out in man, its primary 
host and the sexual process in mosquito, the intermediary 
host. 

Benelopmmt of the parasite in the human body . — Shortly 
after an infected mosquito has bitten an individual the para- 
sites introduced in the blood stream enter the blood cells. 
Some of the parasites are destroyed by the white blood cells, 
while others attacking the red blood cells feed and sustain 
themselves on the protoplasmic substance of the cells. The 
parasite grows and develops inside the cell by amieboid 
movements. At each such movement it consumes more and 
more of the protoplasm of the blood cell and at the same time 
grows bigger in size until it occupies the whole cell. It then 
divides and sporulates. The blood cell eventually bursts and 
liberates the spores into the blood stream. Each young parasite 
then commences a new cycle of life in another blood cell and 
in its turn is responsible for additional parasites thrown into 
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tile blood stream. TMs metliod of propagation may be 
continued indefinitely. Tlius a single bite of an infected 
mosquito may be responsible for millions of parasites in 
the blood. 

In the process of sporulation the malaria parasite divides 
into from 8 to as many as 24 or 32 spores according to its kind. 
This process of division and multiplication which, takes place 
in the human body is known as the asexual cycle. 



Different kinds of parasites . — ^There are at least three kinds 
of malaria parasites each of which produces a difierent type 
of fever. These are classified according to the length of period 
intervening between two attacks and are known as (1) Benign 
tertian, (2) Quartan and (3) Malignant tertian. The parasites 
causing these types of fever are known as (1) Plasmodium 
vivax, (2) Plasmodium malariae and (3) Plasmodium 
falciparum. 

In the Benign tertian type of fever the parasites require 
about 48 hours or two days to divide into daughter cells from 
the time of their entering the red blood cells. When it requires 
nearly 72 hours or three days for the parasites to develop 
fully and multiply, the fever is known as Quartan. In the 
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third variety known as Malignant tertian the parasite divides 
into daugltttT parasites in about 24 to 48 hours. In this last 
form the jieriodicity of attacks is much irregular than in the 
other two and it also produces the most serious and compli- 
cated kinds of malarial fever. 

Each life cycle of a parasite therefore covers a period 
of two to three days and the rise of body temperature S 3 rn- 
chronis<\s to some extent with the shedding of each successive 
crop of young parasites in the blood circulation. 

After an untreated attack has run its course, the fever 
subsides and no parasite-s are seen in the blood, but two forms 
of the parasite still remain in the body, i.e., {a) latent or 
resting forms probably in the liver and spleen and (6) special- 
ised sexufd forms in the general circulation. 

(<i) The latent or the resting forms retire from the 
general circulation after the attack and-romain inactive in the 
deeper organs of the body, until perhaps the treatment' is 
relaxed too soon, or till such time as the resistance of an 
individual is lessened by chill, exposure to sun, exhaustion 
or other causes when they may return to the circulation and 
become activtj by entering the blood cells, producing a relapse. 
The relapse has most of the features of the primary attack 
with all its train of symptoms and ill-effects. 

{h) The sexual forms which are not fever producing 
parasites a|)pear in the blood during or soon after an attack 
has run its course. These are of two kinds and are 
known as male and female gametocjdes. In the Malignant 
tertian type of fever the gametocytes assume crescentic forms 
and are tlu'refore known as crescents. These specialised 
sexual forms of malaria parasite seem to have been provided 
by nature for the express purpose of j)ropagatiug the species. 
The gametocytes leave the human body through the bite of an 
anopheline mosquito wldlst she sucks the blood of a person 
harbouring the parasites. 
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Life of the 'parasite outside the liwnan body or the sexual 
cycle in the mosquito. — ^Tke mosquito in wliose body tbe 
parasite passes its extracorporeal life or tbe sexual cycle of its 
development belongs to tbe species Anopbeles. Only tbe sexual 
forms of tbe parasite are capable of developing in and infecting 
tbe mosquito. In tbe blood sucked by a mosquito unless 
there are both tbe male and female gametocjrtes tbe mosquito 
cannot become infected, Tbe blood sucked by tbe mosquito 
enters its sfcomacb where tbe gametocytes undergo a change. 
Tbe male gametocyte becomes active and produces thread- 
like growths from its body known as flagellse. Tbe flagellee 
then become detached from the body and remain moving 
about until they come across female gametocytes and enter 
their bodies, A female parasite thus becomes fertilised and 
the sexual cycle for the development of the parasite begins 
in the body of the mosquito. The fertilised gametocyte 
becomes a very active moving body and is called a travelling 
vermioule or ookinet. It then enters the stomach wall and 
develops into a cyst. About 36 hours after the mosquito has 
fed on blood the parasite may be detected as a minute oval 
or spherical body in the stomach wall of the mosquito. 

During the next few days the parasite increases in size 
rapidly, acquires a well defined capsule and protrudes on tbe 
surface of tbe mosquito’s stomach like a wart. In this condi- 
tion it is spherical in shape and is known as “ oocyst.” During 
this stage of development important changes take place in tbe 
interior of tbe parasite. Its nucleus and protoplasm divide 
into a number of spherular daughter cells around which 
slender spindle shaped nucleated bodies attached by one end 
all round tbe spherular daughter cells are ultimately formed. 
At a later stage tbe spherules disappear, leaving the 
spindles loose in the capsule which is packed almost to a 
bursting point. These spindles are known as “ sporozoites.” 
In about a week the capsule ruptures and collapses, discharg- 
ing its contents, tbe spindle shaped bodies into tbe body 
cavity of tbe mosquito. 
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From tho body cavity of the mosquito the sporozoites 
pass probaldy through the blood to the three lobed salivary 
glands lying one on each side of the fore part of the thorax 
of tli(' inse(d. These glands coinniunicate with the base of the 
mosquito’s ]>roboscis by means of a long duct. The sporozoites 
can be rimdily recognised in many though not in all the gland 
cells. They are more especially seen in the middle lobe of 
the gland. They are also seen in the contents of the ducts. 
It is at tHs stage that the mosquito becomes fully infective. 

Mfde (/ There are only a few of the Anopheles 

species which can be infected with the malaria parasite and in 
turn infect the human beings whilst feeding on their blood. 
By studying the mode of infection of the mosquito with the 
parasite it has been clearly seen that the mosquito is not born 
with the malaria parasites but to get them it must first bite 
a person who has them in his blood. Man contracts the dis- 
ease through the bite of a mosquito which has been infected 
as described above. This proof absolutely excludes air, water 
and food as being the media for the transmission of malaria. 

The sexual process by which the parasite multiplies in 
the body of the mosquito requires 12 days for its completion. 
It is after this period that a mosquito becomes infective. When 
a mosquito bites she penetrates the sucking tube or proboscis 
under the skin. Simultaneously with the act of piercing she 
injects some salivary secretion through Ler proboscis into the 
human body. Through the medium of this fluid a large quan- 
tity of the sporozoites contained in the lobes of the salivary 
glands are introduced in the human circulation. These sporo- 
zoites attack the red blood cells, grow at their expense, 
develop and multiply in an asexual manner which has 
already been described. It is thus that a malaria parasite 
propagates and multiplies by an asexual method in one host 
and by a sexual method in another. It may be noted that 
only the female mosquito can bite and suck blood, the male 
cannot do so and therefore the malaria parasite mnltiplies 
in only the female mosquito. 
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i 

^ Mosquito malaria theory , — ^There are two fundamental 

J: . ^ principles which must first be understood and accepted as 

%'fj^ upon them are based the measures to be adopted, for the 

I prevention of malaria. First, malaria is contracted onlj 

I through the bite of a particular mosquito and secondly, man 

I infects the mosquito and the mosquito in turn infects the 

I man. The chain of life of the malaria parasite is therefore : — 
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It is evident that for the prevention of malaria this chain 
must be broken somewhere. It may be done either by (1) 
avoiding the bite of a mosquito or by (2) eradicating the dis- 
ease from human beings who are acting as reservoirs of the 
parasites, by a prolonged course of treatment with quinine 
and the recently discovered drug plasmoquine in a systematic 
way. It is not however an easy proposition to try to eradicate 
malaria by resorting to treatment of human reservoirs 
although it may help in controlling the disease to some extent. 
Anti-malarial measures must therefore be directed against 
the other host, i.e., the mosquito. 

The complete extirpation of all the mosquitoes is an 
immensely difficult problem. But malaria can be successfully 
controlled by reducing the malaria-carrying anopheles species. 
For a successful anti-mosquito campaign it is essential to 
study the natural history of this insect. As it is difiScult 
to attack a mosquito in its adult stage when it is on its wings, 
a study of its life history is necessary to find out the stage 
at which it can be most easily and effectively attacked. 

Facts about mosquitoes . — Mosquitoes are small two 
winged insects and are therefore included in the zoological 
order, Diptera and the family of insects known as the Culicidaa. 

The family Culicidse is divided into three sub-families : — 
(1) the Dixinee, (2) the Corethrinse, and (3) the Culicinse. 
The first two of these sub-families include small mosquito- 
like insects, which however are not armed with long probos- 
cidse. They are consequently not blood sucking insects 
and are of no importance from the public health point of 
view. The third family, the Onlicinae, includes small 

insects but all are armed with a long proboscis. The length 
of the proboscis of these insects approximately equals the 
combined length of the head and thorax. 

Mosquitoes are included in this sub-family. A true 
mosquito has a long proboscis projecting in front of the head. 
It has a characteristic venation of the wing and there is a fringe 


Mosquito— Life History. 


865 


of scales along tlie posterior margin of tlie wings. There are 
also scales on the veins of wings which form the different 
kinds of spotting of wings. The male and' the female can be 
distinguished from their antennae . The antennae of a male have 
long profuse hairs all along its length whereas those of a female 
have got few short hairs. By an examination of the external 
genetalia the sex of a mosquito can be easily made out. In the 
male the genetalia consist of two hook-like processes project- 
ing from the last abdominal segment, which are known as 
claspers. At the termination of the abdomen the female has 
two lobes called cerci. 

The tribes of CuUcidcB . — ^The family of Culicidae or gnats 
as they are ordinarily known, is divided into many sub -fami- 
lies, genera, species and varieties and contain some five or 
six hundred known species. In the tropics, as a broad general 
rule, the mosquitoes which most concern human beings belong 
to the group called Culex, Aedes and Anopheles. 

Ciilex pipiens is a very common mosquito and allied 
species are found almost everywhere in the tropics. The 
parasite which causes Elephantiasis, the Filaria Bancrofti, is 
carried by them or allied species in similar manner to that in 
which the Anopheles carry the malaria parasite. Dengue fever 
is also supposed to be conveyed by this mosquito. 

Aedes egypti and allied species are very common in the 
tropics, but much less so in the temj)erate climates. In 
America and Africa this species is responsible for carrying 
the virus of Yellow fever. 

The Anopheles are of about one hundred and twenty 
species, some of wliich carry malaria and are always found 
in malarious places. 

Life History of Mosquito. 

There are certain differences in the morphology of the life 
phases of these two tribes, i.e., the Culicinse and the Anophe- 
linas. For those engaged in anti-malarial work a thorough 
study of the life history of these two commonly found tribes 
55 
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is absoktely necessary. This is of great importance as such 
knowledge will enable one to direct all anti-malarial measures 
towards tlie eradication of mosquitoes of the Anopheles 
tribe which play the principal part in the spread of the 

disease. 

MoH(|uitoes lay their eggs upon water and the larval and 
pu])al stngf'K are also ])assed in the water. Their life is divided 
into four stages—egg, tlie larva (or caterpillar), the pupa (or 
chrysallis) and the imago (or adult winged insect). 

COLEX. 

The cult'x lays lier eggs principally in tubs, barrels, 
cisterns, and other collections of water, more particularly 
in stagnant ditclies, garden pits, holes in rocks and trees. She 
lias no pzvdileetion for any ])articular kind of water as some of 
the otlier sjzficies have, as slie is found very often laying her 
eggs largely even on dirty waters sucli as in cesspools and 
drains. 

Eggs. 

The eggs are niimite objects ranging from 1 mm. 
to 4 mm. in length. Tliey arc deposited separately but the 
female arranges them in the act of laying into adherent masses 
which float on tlie water surface like tiny rafts. In warm 
moi.st weather the eggs hatch out in a day or two and the larva 
emerges out, of the egg. 
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Laeva. 

The next stage in the life history of a mosq^uito is 
the larval stage. The larva is entirely aquatic and always lives 
in water. It swims and dives by means of puddles and hairs 
and feeds on various aquatic organisms. It camrot, how- 
ever, breathe under the surface of water and therefore always 
rises to the surface of water in order to breathe air. When 
it is in search of food it looks like a small wriggling worm. This 
stage lasts for a week or more, but the duration of this stage 
varies according to the atmospheric conditions. In cold 
countries the larvae may remain unchanged for a longer period 
than in the tropics. 



Moephology op the Laeva. 

The larva consists of three main parts, head, thorax and 
abdomen. Head carries all the mouth parts and a pair of 
antennaa. There are many feathered and simple hairs attached 
to the thorax and the variations in these appendages help 
in distinguishing larvae of different species. 
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The abdomen is a small tubular structure attached to 
the thorax. It consists of nine segments. On the eighth seg- 
ment in tiu; case of the Culex there is a small tube protruding 
at an angle from its main body. The breathing tubes pass 
through the al jdomen and open on the eighth segment through 
the projecting tube mentioned above. The larva breathes 
air through this syphon tube and therefore remains hanging 
below the water surface at an angle or hangs nearly perpendi- 
cularly. Tills 2’G<^uliar position which a Culex larva assumes 
whilst floating in water is its distinguishing feature from the 
Anojiheles species. 

Pupa. 

Next is thfi jiupal stage. In this stage the larva of the 
former stagti turns into a comma-shajied body wliich is 
known as the piqia. The pupa floats on the water surface and 
remains very inactive. It does not even feed itself on any- 
thing during this stage. This dormant stage lasts nearly 
forty-iught hours or a little longer, and the imago or adult 
mosquito emerges through a slit in the dorsal surface of its 
body. 



Culex Mosquito. 

A Culex mosquito is generally stouter in build and darker 
in colour than the Anopheles species. A Culex can be easily 
distinguished from an Anopheles by its position when at rest. 







! 
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It looks like a kunclikacked insect and its body is nearly 
parallel with, the surface on 'wbicb it is resting. This position 
is due to its proboscis being at an angle witb. tbe body. Tbis 
short description of tbe life bistory of Culex wbicb bas no 
importance from malaria point of view will be sufficient for 
tbe purpose of its being identified from tbe mosquitoes of 
tbe Anopheles species. 



Anopheles Mosquitoes. — Eggs. 

Tbe Anopheles lays her eggs on tbe surface of water 
separately. Whilst laying eggs not infrequently are they laid 
in different patterns. This characteristic arrangement enables 
one to distinguish tbe eggs of an Anopheles mosquito from 
those of a Culex. Each egg has on its sides a chitinous 
membrane attached which helps to float the eggs on the water 
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mirfaof, Tlift (.‘ggs arc Iiatelied witliin a day or two as in 
Ciiiox. This period may he prolonged in temperate climates 
and slKtrtened in tropical regions. 


Anopheles eggs. 

Larva. 

Tlie atioplieline larva lias its morphological structure 
similar to that of the Oulex, ?,e., it has a head, thorax and 
abdomen. But tlu) main difference is in the breathing 
apjiaratus. On the eighth abdominal segment of the 

I Anopheles larva there is a chitinous membrane plate known 

I as the stigrnal plate with two holes or spiracles which corres- 
i pond witli the ends of the two breathing tubes. The spiracles 

^ open in a hollow which is known as respiratory fossi. 

Posteriorly there is a projecting part known as scoop. On 
either side of the fossi there is a plate carrying teeth known as 
I comb or pecten. Another characteristic feature of Anopheles 

I larva is that on some of its abdominal segments there is a 

f pair of fan-shaped hairs, one on each side. These are known 
as palmate hairs. By means of these and other float hairs on 
the body of the larva it floats horizontally under the surface 
of water, the eighth segment slightly projecting over the 
surface so as to be able to breathe through its two holes. 
The Anopheles larva can be distinguished from that of a 
Culex by the difference in the position which it assumes below 
water surface. 
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The anopheles larva floats horizontally whilst the Culex 
i* always seen hanging at an angle. Culex larvee f eed on mate- 
rial suspended or deposited at the bottom whereas the ano- 
pheline larvse subsist on floating material and they are there- 
fore known as surface feeders. This fact is of great significance 
in the selection of suitable larveecides for anti-mosquito cam- 
paigns. The larval stage of this species also lasts for eight 
to ten days. It may however be shorter or longer in the 
tropical or temperate climates respectively. 

Natural size. 



Enlarged Anopheles larva. 

Pupa. 


The pupal stage lasts for nearly twenty-four hours when 
the adult mosquito emerges out of the pupa. The pupse of 
Anopheles can be distinguished from those of Culex by their 
breathing tubes which are shorter than those of Culex. 



Anopheles pupa. 
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Anopheles Mosquito. 

In general the Anopheles mosquito when compared with 
Culex is smaller and of a slender build. In colour too it is 
not so dark as the Culex but is of a brown colour and has 
characteristic nnirkings on the different parts of its body. 

An Anopheles mosquito is distinguished from a Culex by 
the position which it adopts whilst at rest. It has already 
been mentioned that the Culex rests with its body parallel to 
the surface on which it is resting whereas the Anopheles having 
its proboscis in tlwi same direction as its body, when at rest, 
appears to be standing on its head in relation to the beam, 
cobw'el), or net upon which it is resting. 



Anopheles adult mosquito. 


Morphologically there is no difference between the adult 
mosquitoes of the two species, Anopheles and Culex. It 
has been observed that only a few anophelines act as 
earners of malaria. These have therefore to he distinguished 
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from tlie non-carriers witli the object of adopting anti- 
malarial measures against the particular malaria carrying 
species. Certain characteristics such as differences in the 
markings on the veins of wings, legs and palpi and the presence 
or absence of these on different parts of the body are made 
use of in identifying the different varieties. 

Structure of an adult mosquito . — A mosquito is made up 
of different segments. These segments which carry the appen- 
dages are the head, thorax and the abdomen. The head 
carries two antennae, two palpi, a proboscis and a pair of 
large compound eyes composed of a large number of small 
lenses. The upper part of the head between the eyes is called 
the vertex. The part near the neck between the eyes is 
known as the nape. The antennae lie between the eyes. 
The antenna of a female has got fourteen segments and that 
of a male has fifteen. Palpi have normally five segments. 
They are marked with bands of white and black scales 
which help in the identification of different anopheline 
varieties. 

Thorax consists of three parts known as prothorax 
mesothorax and metathorax. Each of these parts carries 
on it one pair of legs. The two wings and the balancers which 
are the modified parts of the second pair of wings are attached 
to metathorax. The legs consist of three parts, femur, tibia 
and five tarsal segments. The part nearest the body is 
known as femur, the distal segments are called tarsi and the 
part between these is known as tibia. The last tarsal seg- 
ments terminate into claws which are known as ungues. The 
tarsal segments and joints are important from diagnostic 
point of view. 

The arrangement of veins on wings is characteristic 
of Culicidse. The vein running round the margin of the 
wing is known as costa. There are six veins on a wing which 
are designated as longitudinal veins. The second, fourth and 
the fifth veins are branched and the others are simple. 



874 


Sanitation in India. 


T]ie abodoiiion consists of nine segments wliicli are • 
usually covered with liair-s or scales. The ninth segment carries 
the external genitalia which are the claspers and the cerci in a 
male and {(Uiiale mosquito respectively. 

Genital Habits of Mosquitoes. 

Both males and females are able to suck fluid through 
their probos(.*is. As a rule, the male feeds only on the 
juices of plants, but the female sucks the blood of man, 
beasts, birds and reptiles. The female returns to water 
ever}' few days in order to lay her eggs, of which she 
may depo.sit sev(?ral hundreds at a time ; and then 
s(*ekw anotluT meal. Female mosquitoes have been kept 
alive in cujitivity for months. In unsuitable weather, both 
males and females may take refuge in damp places such as 
ecllfirs, Wf?I!s, outhouses, .stahlos and woods, where they 
may remain (humant for months until better conditions 
prevail. 

x\s a rule, mosquitoes like other animals tend to remain 
in the locality where tJiey are horn ; but a few may occasionally 
stray to some distances. 'Wlien a strong wind prevails they 
u.'iually take slielter but on warm still nights or days many 
of them, may wander to a distance of half a mile or more 
from their breeding places. If however they can obtain 
blood near their breeding place there is no reason why they 
should travel further for it. They must remain near water 
to drink and to lay their eggs on. 

Mosquitoes are favoured by warm weather and by 
]jienty of water suitable for their larvae ; by abundance 
of food and by the absence of the various kinds of bats, 
birds, fish, insects and spiders which devour them or their 
larvae. During its life a single mosquito may succeed in 
biting many persons or animals and in propagating disease 
among, st them. 
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Anopheles in India, 

Tlie following species of Anoplieles mosquitoes have 
been found in India : — 


1. 

A. barianensis. 

22 

A. 

hyreanua. 

2. 

A. aitkenii. 

23. 

A. 

barbirostris. 

3. 

A. insulae-florum. 

24 

A. 

umbrosus. 

4. 

A. culiciformis. 

25. 

A. 

gigas. 

5. 

A. sintoni. 

26. 

A. 

subpictus. 

«. 

A pulcherrimus. 

27. 

A. 

vagus. 

7. 

A. pallidu-s. 

28. 

A. 

turkhudi. 

8. 

A. philippinensis. 

29. 

A. 

multicolor. 

9. 

A. fuligino.sus. 

30 

A. 

dtljali. 

10. 

A. karwari. 

31. 

A. 

-sergentii. 

11. 

A. majkli. 

32. 

A. 

culicifacie.s. 

12. 

A. maoulipalins 

33. 

A. 

minimus. 

13. 

A. theobaldi 

34. 

A. 

aconitus. 

14. 

A. jaraesii. 

35. 

A. 

varuna. 

15. 

A, ramsayi. 

36. 

A. 

listonii. 

16. 

A. kochi. 

37. 

A. 

superpictus. 

17. 

A. maculatus. 

38. 

A. 

moghulonsis. 

18. 

A. leuco.sphyrus. 

39. 

A. 

jeyporiensls. 

19, 

A. tessellatus. 

40. 

A, 

stephensi. 

20. 

A. annandalei. 

41. 

A. 

ludlowii. 

21. 

A. lindesaii. 





Out of these the following six have been so far found 
infected with Malaria in nature and play an important 
role in the transmission of the disease : — 

1. A. culicifacies. A A. maculatus. 

2. A. listonii. 5. A. minimus. 

3. A. ludlowii. 6. A. stephensi. 

Diagnostic Characters op the Malaria carrying 
Mosquitoes. 

(1) A. culicifacies — ■ (a) At least four dark areas on costa involving 

both the costa and Ist longitudinal vein. 

(b) Joints between tarsal segments of fore leg 
without broad pale bands. 

(c) Palp of female with a pale tip. 

(d) Third longitudinal vein all dark. 

(2) A. listonii — (a) as in (1). 

(6) as in (!)• 

(c) as in (1). 

((Z) Third longitudinal vein with a pale area 
or entirely pale. 

(e) Palp of female with two pale distal bands, 
the second pale band usually narrow. The 
dark band separating these wider than 
the apical pale band. 

(/) Scales present only on the anterior one- 
third of thorax. 
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(3) A. Indlowii — (a) Tips of hind legs not white 

(6) Pemora and tibiae speckled, 

(c) Sixth vein with three or less clarlc areas. 

(d) Palp of female with one broad apical and 
two narrow more proximal pale bands. 
Palps not speckled. Dorsum of thorax 
clothed with hairs. 

A. macnlaturt — {«) Tips of hind legs white. 

{b) Less than two terminal hind tarsal seg- 
ments completely w'hite. 

(c) vSixth wing vein with three dark spots 
only. 

(d) Whole of the terminal hind tarsal segment 
and part of the next white, 

(c) Palp of the female with three well-marked 
pale bands including apical band, 

(")) A. miaimiB— (a) as in (1). 

(h) as in (1). 

(c) as in (1). 

[d) as in (2). 

(fi) Palp of female with two pale distal bands 
both broad, separated by a dark band 
this dark band about equal in width to the 
pale apical band, or it may be narrower. 

(()) A. stophensi — («) as in (3). 

{h) as in (3). 

(c) as in (3). 

(d) Palp of female with two broad distal and 
one narrow proximal pale bands. Palps 
usually speckled. Donsum of thorax 
clothed with obvious true scales. 

Larvicides. 

It has been stated before, that mosquitoes can be efiec- 
tively attacked during their larval stage of life. Most of the 
measures for controlling mosquitoes must be applied to this 
iicf|iiati(; form of their existence. Larvicides axe substances 
u-JnV'Ji kill the larvfo. Those commonly used for this pur- 
post^ are certain oils, chemicals and certain kinds of iish. 

riie oils act inoclianically. When water containing 
Iarv£B is sprayed witli oil, it forms a film and floats on water 
surface. The oil film obstructs the air passages of the larvse 
which are killed by suffocation or in some cases the oil itself 
may act as a poison. 


Larvicides. 
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Cliemicals iiave a poisonous effect on tlie larvae. Dis- 
infectants such as Phenjle, Hycol, Saponified Cresol and 
others are useful for larvicidal purposes. The other chemi- 
cal which has come into prominence as an efficient and less 
expensive larvicide in recent years is “ Paris Green.” 

Fish acts as a larvicide by merely feeding on larvae. 
All kinds of fish do not, however, consume mosquito larvae. 
A few varieties have so far been found to be useful for this 
purpose. The larvaecidal capacity of any variety of fish 
must be investigated by experiments in which a check or con- 
trol is maintained. 

Oiling. 

Mosquito breeding can be largely controlled by oiling. 

There are many grades of oil on the market which will 
serve for the destruction of larvae. The oils which are 
commonly used for this purpose range from the very light 
oils, such as kerosene, to the heavier oils, known as 
crude oil. Kerosene or paraffin oil is suitable, but it is not 
used for larvicidal purposes on a large scale as it is very 
expensive, compared with crude oil. Crude oil which is also 
known as pesterine is largely used for anti-mosquito campaign. 
The disadvantage in the use of crude oil is that it being more 
viscous than kerosene oil forms into clots and does not form 
a good film which is so essential for the destruction of larvse. 
The spraying quality of crude oil can be improved by the 
addition of small quantities of some vegetable oil, such as 
Castor or Cocoanut Oil or Cresol. A mixture of crude oil^ 
kerosene and a little castor oil has been found to be very 
effective. The mixture is prepared by mixing together 6 
parts of Pesterine or Crude Oil, 4 : parts of Kerosene and l/40th 
part of Castor Oil. A mixture of this strength is used in 
Bombay and one gallon of it costs about 6 to 6 annas. 

As compared with chemical larvicides, oil has a more 
lasting action and besides it kills larvse as well as pupse of 
both Anopheles and Culex mosquitoes. The other advantage 
in the use of oil is that it can be seen on the water surface. 


878 


Sanitation in India. 


Methods op Application. 

It is not praoticable to state definitely the quantity of oil 
required per unit of area. It very often depends on tlie 
spreading quality of the oil and also on the experience of the 
personnel employed on oiling squads. If all these conditions 
are favourable it may be laid down for general guidance that 
half an ounce of oil per square yard of water surface or 15 
gallons per acre is usually an ample estimate. The exact 
amount of oil rerpiired in a particular case must be estimated 
by actual experiments in the field. Water surfaces may be 
oiled, by using : 

1 . A gardfiu wateringqiot. 

2. Knapsack sprayer, or any other oil spray. 

The watering-pot may be used efficiently in dealing 
with small pools or where it is easy to get near all parts of 
breeding pLuats. A relatively thick oil can be employed in 
this way. 

For anti-mosquito campaigns, Knajisack sprayers have 
been found to be vny serviceable as tlicy can bo easily opera- 
tfjd. Light oil or crude oil made into a proper mixture is 
finely spread on water surface upto a distance of 20 feet from 
the operator by means of these sprays. 

The advantage in the use of a Knapsack sprayer is that 
it can be used by one man without wasting oil. The 
machine holds five gallons and rests on the shoulders and 
back of the operator. He pumps with one hand and directs 
the oil spray with the other. With this spray the work 
is less tiring than using a watering-pot. It gives excellent 
results as regards the proper distribution of oil. 

Chemical Larvicides. 

Disinfectants such as Phenyle, Hycol or Saponified Cresol 
are all useful for destroying mosquito larvre. They are 
however expensive and are not effective for flowing water. 
Their use is advocated with the object of preventing breeding 
in collections of water which will not permit of being dealt 
with in any other manner. 
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Saponified Cresol lias in recent times been used for lar- 
vicidal purposes more than any other disinfectant. A 
strength of 1 in 10,000 is iirobably sufficient to prevent 
breeding but it will be more reliable if a strength sufficient to 
render the fiuid milky is insisted upon, in which case the 
dilution may be in the proportion of 1 in 2,000. 

Saponified Cresol has been found to be suitable in the case 
of reinforced concrete buildings. When such buildings are 
under construction it is a practice to store water on the newly 
laid out concrete flooring and other structures. The water 
which is pounded for setting concrete is liable to be a source 
of mosquito breeding. With a view to preventing breeding 
in such water the use of Saponified Cresol is recommended 
as its presence can be easily detected owing to the milky colour 
of the fluid. Tests carried out by analytical chemists and 
specialists in cement and concrete have jiroved that in a 
strength of one in one thousand this larvicide not only has no 
deleterious effect on cement concrete but it improves its 
quality. 

Paris Green. 

Paris Green has gained great favour as an efficient 
Anopheline larvicide. It is an Arsenical compound and is 
manufactured as Copper-Aceto-Arsenite. It is an intensely 
green coloured fine powder. For larvicidal use Paris Green 
must contain at least 50 per cent. Arsenious Oxide. When a 
new supply of the powder is received it should be the practice 
to test the sample for the available quantity of Arsenious 
Oxide. 

The powder is applied to water surfaces in a greatly 
diluted form. The diluents ordinarily used are fine sand, 
saw dust, dry road dust, soft stone or soap stone. Hy- 
drated lime is also used for diluting Paris Green as the advan- 
tage in the use of lime is that it enables the mixture to remain 
floating longer than in the case of other diluents. Other 
diluents, such as Stearates of Calcium and Aluminium have 
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also l)pen rncoinmoiided witli the same object. The use of 
tlK‘.sc! <liluents will make tlic process expensive. Of all these 
fliluenta, roa<l dust of, fine quality lias been found to be 
suflicientJy scu-viceable for all practical purposes. A sufficient 
stock of road dust should always be kept at band as in the 
wet weather it would be difficult to obtain a suitable supply 
of dry dust. 

A. dilution of about 1 part of Paris Green to 99 parts of the 
inert dust seems to be a favourable mixture. The mixture 
sliouhi be made in a specially contrived mixer to ensure 
thorough mixing. Only very .small doses of Paris Green are 
necessary to poison larvie, but the object of diluting it 
w'ith a large pro])ortion of dust is for spreading a relatively 
small ({uantity of tlio poison over a large surface. 

Methods op Application. 

Ihrious metliods have been adopted for spraying Paris 
Green mixture but hand .spraying has been found to be quite 
satisfactory. The dust should be thrown into tho air by 
luind and the Jiiain thing to be seen is to start a cloud of dust 
in the right place and direction. A single cloud may destroy 
larvae over a wide area and at a considerable distance from the 
operator if tlie dust is thrown in the windward direction. 
For haiul spraying a mixture of 1% to 2% strength should 
be used. 

Other devices used for spraying dust are certain types 
of hand blowers, rotary blowers and dust guns. These have 
apparently been designed to facilitate spraying at longer 
distances but are liable to be misused unless they are put 
in the hands of trained men. For use in such mechanical 
blow'ers a mixture of 5% strength is recommended. 

The quantity of Paris Green to he used must depend 
soinowliat on the character of the breeding place. Where 
there is much high grass, reeds and other thick vegetation 
greater quantities of the mixture are required than where the 
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siirl'ace of the water is dear or covererl by low surface vege- 
tation only. According to the . riicornmendations of tlie 
Malaria Commission of the League of Nations one litre of the 
mixture is sufficient for 100 sfjuare metres of water .surface 
or 1 lb. of Paris Green per acre. 

Paris Green being a compountl of Arsenic, wdiich is a 
poison, there has been a good deal of discus.sion about its harm- 
ful effects on human beings and animals who may have 
to drink water treated with this chemical. In this connec- 
tion it must be remembered that the poi.soii is used in an 
infinitesimally small quantity and that the Arsenic which 
it contains is in the insoluble form. Poisonous effects of 
the chemical lia.v(j not been observed on any aquatic insect 
or animal, however delicate*, other than the surfacfi feeding 
anojffieline larvte. The danger to dojuestic animals through 
drinking water treated with Paris Green seem.s also remote. 

As regards the risk of Arsenic j)Oisoning to the operator 
even with the small quantities used in larvicida,! work, it is 
well to remember that one is dealing Avith, a poison. The 
operator should as far as possible avoid inhaling the dust 
and after the work he .should thoroughly wa.sh his hands and 
change his clothes. 

In the use of Paris Green it must be remembered that it 
has poisonous effect on anopheline surface feeding larvae 
only. These larvae feed on any material floating on water 
.surface and are poisoned by ingesting minute particles of the 
poison. It has no effect on the pupae but it prevents the 
deA^elopment of larvae into pupae. 

The possible advantages of Paris Green used against ano- 
pheline larvae are its cheapness and ease of distribution and 
it is possible to use it over areas difficult of treatment 
by other methods. The chief disadvantage is that its use is 
limited to anopheline larvae only. Pupae of all kinds and 
cnlioine larvae are not at all affected by it. The efficacy of 
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Paria Green is seriously lessened by wind and rain after it bas 
been sprayed on water. Of all the measures for mosquito 
control Paris Green has been most successful as an efiective 
and clieup anopheline larvicide. 

Advantages of Oiling and Paris Green. 


Oil 

(1) Ib killH culioino as well as 

anoplieline larvse. 

(2) It obtainable everywhere. 

(a) It is easy to sec whether it has 
l)een properly applied. 

14) No elaborate apparatus ys re- 
fpiirc'd for its applieation. 

(ft) It does not require niiieh super- 
vision. 


Paris Green. 

(1) Its low cost. 

(2) Its ease of distribution by 

virind. 

(3) Its high toxicity for anopheline 

larvae. 

(4) Water is not rendered unfit 

for domestic purposes. 

(5) It does not prevent mosqui- 

toes from depositing their 
eggs, the water treated thus 
acting as a trap. 


Disadvantages of Oiling and Paris Green. 


(1; 

Oil 

It will not pf.'notrate vegetation. 

(1) 

(2) 

Wind will break oil film and 


carry the oil on one side. 

(2) 

(3) 

Bain washes away oil. 

(3) 

G) 

It will kill fish. 

(4) 

(5) 

It renders water unfit for 

(5) 

drinking purpo-sea. 



Paris Green. 

It has no effect on the egg 
or pupae of anopheline mos- 
quitoes. 

It has no effect on culicine 
larvae. 

Its application cannot he pro- 
perly inspected. 

Special apparatus required 
for its distribution. 

Its use requires constant super- 
vision. 


Use of Pish as Larvicide, 


Certain kinds of fish, particularly some of the top feeding 
varieties, have been found to be very effective for mosquito 
control in its larval stage. Among Indian species some 
have been found to be of great use for mosquito control. 
There are probably many more and the subject requires 
further investigation. If fish is to be employed for mosquito 
control, as far as possible, the larvivorous properties of locally 
obtainable fish should be ascertained by experiments. It is 
advantageous to use local fish as when imported to regions 
outside its natural place it may not probably thrive well. 
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Fish Stock for Mosquito Control. 

Having a,scertained tlie larvivorous variety of fisli it is 
necessary to maintain a constant stock of fisii so as to use 
tliem. ill any breeding places of mosquitoes vikenever needed. 
Small ponds or streams wMcF hold water tlirougliout the 
year may be conveniently used for stocking fish. It is how- 
ever necessary to see that there is no other fish which may 
destroy or live on the larvivorous fish. The best method 
of stocking fish is to provide a masonry built tank. The 
dimensions of such a tank will depend on the quantity 
of fish required to be stored and it must also be remembered 
that fish is very prolific and therefore the tank should be of a 
sufficiently big size to provide room for the progeny. Arrange- 
ments should be made to replenish the water frequently. As 
regards feeding the fish, minced fish, bread, corn meal, 
parched rice, etc., are found to he suitable. 

In places where fish is to be used for larvivorous purposes 
it is essential that fish stock should be in charge of a respon- 
sible person. This official should be responsible for the 
collection, storage and distribution of fish according to local 
recjuirements. 

As regards the quantity of fish necessary to control 
breeding of mosquitoes, no definite rules can be laid 
down as there are scarcely two breeding places which 
offer identical conditions. It is advisable to ascertain the 
quantit}^ by actual observation after the introduction 
of the fish. As a rule in ponds or other collections of 
water with much vegetation, larger number of fish vrould 
be necessary. This is due to the fact that mosquito larvae 
seek refuge in tlie vegetation and thus the fish is unable to 
reach them. All aquatic plants do not ofier protection to 
mosquito larvee and pupae against fish. Grasses and other 
j)laiits having straight stalks and no submerged leaves afford 
no protection. In the case of plants wdth submerged leaves 
larvae r emainunnoticed in the water on the surface of the leaves. 
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G-rowtli of algse also very much interferes with the action of 
fish on larv« . Before the introduction of fish in any water col- 
lection in which there is aigse, it is advisable to kill the algae by 
means of Copper sulphate. For this purpose Copper sulphate 
in the proportion of 1 in 500,000 parts of water may be used, 
but this treatment must be repeated very frequently. Other 
aquatic vegetation should also be removed as far as possible 
to make the fish effective. 

Different varieties of fish have been found to be useful 
for larvivorous purposes. In America and in some European 
countries a variety known as Gambusia is being largely 
used as an effective larvicidal fish. This fish has recently 
been introduced in India. In India there are various 
species which have been found to possess larvivorous habits. 
In Bombay only two varieties of fish have been found to be 
useful for this purpose. They are found in shallow collections 
of water during monsoon and if they are properly stocked 
they thrive well. They are known as Anabas scandens and 
Haplochilus Lineolatus but are locally known as Kbajura and 
Piku respectively. Out of these two the former is a sturdier 
fish and is very effective as larvicide. It thrives well even in 
the presence of other small fish whereas Piku is easily destroy- 
ed by other fish. One dozen of Khajura are considered to be 
sufficient for mosquito control for fifteen square feet of water 
surface. 

Incidence of Malaria. 

The incidence of Malaria in a locality can be determined 
by the consideration of the following : — 

(a) Mortality Registration, 

(b) Hospital or Dispensary Records, 

(c) Splenic Index, 

(d) Parasitic Index, 

(e) Infection among the Anopheles. 
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{a) Mortality Registration . — ^Wliere registration of the 
cause of death is done accurately from the certificate of a 
medical practitioner, these records have a high value. But 
in villages and in many cases in towns also, deaths are not 
always certified by qualified men. Hence this method is 
valueless directly, yet as Christopher and others have shovm 
if properly used, it has a considerable comparative value. 

(6) Hospital or Dispensary Records . — ’These records 
though more reliable than the preceding ones, must be 
accej)ted with a certain amount of caution. It is not that in 
every case of fever supposed to be malaria, that blood is 
examined and this holds true more particularly if the fever is 
mild or of short duration. Even after blood examination, 
if the report is negative, the clinical diagnosis is rarely altered 
because the plea is put forward that the parasite is not found 
in the blood in every case of malaria or the patient may have 
taken quinine before admission. Para-typhoid fevers are 
often entered and treated as malaria. These considerations 
detract from much of the value of hospital records and though 
of little value directly, they are useful for comparative 
purposes over a series of years. The records of an out-patient 
department are of greater value in this connection. 

(c) Splenic Index . — ^This has been taken as the 
criterion of the malariousness of a locality since the early 
days of malaria investigation. Children between the ages 
of 2 and 10 are most suitable for the purpose because firstly 
it is easier to get them together in sufficiently large numbers 
as e.g. in a school and secondly, in the adidts, splenic enlarge- 
ment becomes much less common owing to their having 
acquired a partial immunity as a result of long exposure 
to infection. 

Splenic enlargement may be measured with the child 
standing up or lying down. It is necessary to adopt one or 
the other method and stick to it. Occasionally a doubtful 
result in the erect position may be checked by laying the 
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child on its bacli; with the knees drawn np. The children may 
be induct', d to submit tlieinselves to the examination by 
giving each child a sweet after the examination. A child 
who struggles or screams maybe left alone till others are 
examined, after whicha fresh attempt may be made to examine 
it with the additional bait of a few more sweets. The enlarge- 
ment of the spleen is usually recorded in “ fingers-breadth ” 
below the left costal margin, Upto the umbilicus, it may 
be taken as four fingers-bieadth” and the “ seven fingeis- 
breadth” spleen is one which reaches right down to the 
pubis. 

{d) Parasite Index : — ^This is a simple percentage figure 
of the number of persons showing parasites in theft peripheral 
blood. The blood should be examined both by the thick 
and thin smear methods. The child and adult figures should 
be kept S(.*f)arate as the spleen rate falls with age more rapidly 
than the parasite rate, which shows how many of the adults 
of a community may be “ healthy carriers” (Christophers). 

By this method, we come to know also about the species 
of parasite we are dealing with, which is important from the 
point of view of treatment. From a count of gametocytes, 
we get an idea as to what chance the local anopheles stand of 
acquiring infection. If many gametocytes are detected, the 
probability is that the local anopheles are heavily infected. 
This may be confirmed by studying the next factor. 

(e) Infection among the Anophdes : — For this purpose, 
it is necessary to catch a few Anopheles and dissect them. 
Only the females need be dissected. The stomach should 
be examined microscopically for the oocyst and the salivary 
glands for the sporozoites. This examination should not be 
limited to the known carriers but a few of the non-carrier 
species should be examined as ’well. 

Pbeventive Measures. 

Preventive nieasuxes against Malaria may be considered 
under two headings, i.e., personal prevention and public 
prevention. 
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Personal Prevention. 

Avoidance op Malarious Districts. — If it can. be 
avoided people should not go to live in known malarious 
places nor in the vicinit7 of marshes. It very often becomes 
necessary to select suitable sites for the construction of public 
buildings such as hospitals, police lines and other institutes 
or for the erection of temporary or permanent camps for 
labourers. In the selection of such sites the prevalence of 
malaria in the neighbourhood must not be lost sight of. It 
should always be ascertained by a careful examination of 
children under ten years of age for enlargement of their 
spleens. ^ 

Mosquito-proof cottages or rooms . — ^The construction 
of mosquito-proof buildings on a large scale is not a practical 
proposition. But on big plantations of rubber and tea in 
Ceylon and Assam such residential quarters have been built. 
The windows and doors of such dwellings should be protected 
with wire gauze. The gauze to be used for the purpose should 
not have less than sixteen meshes to an inch, or in other 
words there should be no aperture bigger than -^th 
of an inch. The doors should be made to open outwards and 
they should be provided with automatic closing arrangements. 
It is especially advisable to protect a room or a part of a 
verandah for sitting in, during the day or evening. 

Mosquito Het. 

Sleeping beneath an efficient net at night is by far the 
most important and effective means of guarding against a 
primary attack but also of preventing infection being carried 
from a sick person to healthy individuals. The main points 
in regard to the efficiency of a mosquito net are that the 
mesh should not be too large.; that the bed for which it is 
used should not be so narrow as to allow of knees or elbows 
being bitten through the netting ; and that the sides should 
be deep enough to admit of being tucked in securely all. 
round. 
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The smallest and lightest mosquito net which can be made 
servicealde under all circumstances is one with a calico top 
5 ft. 6 in. long bv '2 ft. broad and sides ?, ft. 6 in. deep, 2 ft. of 
nf.'tting and l|ft. of calico for tucking in, and as some 
protection for knees, feet and elbows. The netting should 
be so cut as to allow the net to be very much fuller at the 
bottom than at the top to enable the occupant to get in and 
out conveniently. At each of the four corners of the net there 
must be double tapes 8 in. long fox fixing it to its supports. 
To be efficient it must be suspended by means of these 
comer tapes inside the supporting rods, otherwise it cannot 
be tucked in effectively. On no account should it be 
placed over its supports or allowed to hang loos# 

Use of Deterrent Lotions. 

One of the methods of personal protection against 
mosquito bites is the application of deterrent lotions. One 
which is commonly used in mosquito infected localities is 
Bamber oil. This was first introduced in Ceylon. It is a thin 
lotion with a pleasant citron like smell and leaves no stains 
on clothes. When a mosquito net is not available or cannot 
be used, the application of this oil is sufficient for a night’s 
rest in comparative safety. 

The composition of Bamber oil is as follows : — 


Oitronella Oil parts. 

Kerosene (paraffin oil) . . . . 1 part. 

Cocoaniit Oil 2 parts. 

To which is added Carbolic Acid . . 1 per cent. 


This is one of the most efficacious, agreeable and clean 
mosquito deterrents. 

Dover’s pomade consisting of citronella oil, spirit of cam- 
phor, cedar wood oil and white petroleum jelly and other 
preparations made of (ct) vaseline, naphthalene and camphor 
and (6) castor oil, alcohol and oil of lavender are also used as 
effective repellents. Among other substances recommended, 
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may be mentioned eucalyptus oil, oil of peppermint, lemon 
juice and vinegar and oil of turpentine. 

Fumigations. 

For destroying or reducing tbe number of mosquitoes in 
a room fumigation with certain chemicals is found effective. 
Among those ordinarily recommended for the purpose are 
Sulphur, Pyrethrum, Carbolic Acid and Camphor. 

Quinine in Malaria. 

Quinine and other cinchona alkaloids and the newly 
discovered drug Plasmoquine are the only drugs so far Imown 
to be usefiftl for the cure of Malaria. The quinine alkaloids 
are all prepared from Cinchona bark. Quinine acts as a 
specific for malaria but it has no effect on the sexual forms 
of malignant tertian parasites. It cannot therefore sterilise 
a crescent carrier who is always a danger in a community by 
harbouring these gametocytes in his body. 

Quinine destroys both the sexual and asexual forms of 
Benign tertian and Quartan parasites. In these types of fever 
it is therefore possible to effect a complete cure by quinine alone. 
Plasmoquine is found effective in destroying the sexual forms 
of the malignant tertian parasites. This drug has however no 
effect on the asexual forms of malignant tertian parasites and 
it is therefore always necessary to combine Plasmoquine 
with quinine for treating such cases. Plasmoquine being 
poisonous has to be administered in very small doses and it 
is always desirable that it should be given under medical 
supervision to avoid its poisonous effects. 

As regards the dose of quinine it is necessary to adminis- 
ter at least 20 to 30 grs. of the drug daily for a cure of malaria. 
An important consideration in the treatment of malaria is 
to see that quinine administered to a patient is absorbed. 
There is always vomiting in cases of malaria and the drug 
is not easily absorbed ; this can be remedied by giving a purge 
and an alkaline mixture before administering quinine. The 
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treatment slionld lie coiitimied for one week and in the case 
of a relapse it should be rejieated again for a longer period 
about 14 to 21 days for a comidete cure. 

Pmphjhixh . — Quinine does not act as a prophylactic 
against malaria infection but it may be considered as a prophy- 
lactic against the fever. It modifies the attack and will reduce 
the number of clinical cases. It probably reduces the number 
of potential Benign tertian carriers. Quinine taken as pre- 
ventive generally acts as treatment. 

Quinine in Pregnancy. 

Quinine ciui be safely administered during pregnancy. It 
is a wrong notion that it causes miscarriage. The high 
temperature of the disease is responsible for miscarriage 
and not f{uiiiine. Comatose cases of malaria are com- 
mon among pregnant women. Quinine should always be 
started early for malaria in such cases. 

WhxVT a House Owner should do. 

It is not uncommon to find householders complaining 
to local sanitary authorities about mosquito nuisance although 
they tliemselves allow them to breed inadvertently on their 
own premises. The householder should always take care 
that no stagnant water remains anywhere in his premises 
in cisterns, drains, gutters, tubs, jugs, flower-pots, broken 
bottles, crockery and old tins in which mosquitoes are Idcely 
to breed. Flower-vases and anti-formicas are very common 
breeding sources of mosquitoes inside houses where care is. 
not taken to change the water frequently. It should he a rule 
to change the water in flower-vases every day and that in the 
anti-formicas either to change the water at least once in a 
week, or to put a little kerosene oil or phenyle in it. Holes in 
trees or certam plants such as the pine apple hold water in 
which mosquitoes not infrequently breed. The holes should 
be filled in with cement and the water collected in other 
plants should either be drained or treated with kerosene oil. 
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Owners of properties should make it a liabit to see at 
least once a week regularly to all the water containers on their 
premises, as by attending to all such potential breeding places 
in the manner indicated above they will be helping a great 
deal towards the reduction of mosquitoes. 

Public Prevention. 

The local sanitary authority must necessarily be the 
body responsible for all anti-malarial measures and it should 
be invested with the necessary statutory powers for effectively 
carrying out the measures. 

Measures for the public prevention of malaria have to be 
considered separately for the rural and urban areas owing 
to the differences in the conditions particularly those prevail- 
ing during and after monsoon in these areas. 

Malaria Prevention in Rural Areas. 

In rural areas where conditions are favourable climatically 
and geologically for anophelines to breed malaria prevails 
in epidemic form during a few months following monsoon 
generally from August to December or a little later and remains 
endemic during the whole year. It is generally held that 
the intensity of the post-monsoon epidemic is influenced by the 
rainfall and consequent breeding of anophelines particularly 
those of the malaria carrying species. In rural districts 
it is not uncommon to find children with enlarged spleens 
acting as reservoirs of malaria parasites though apparently 
looking healthy. When there is an increase in the malaria 
carrying anophelines after a monsoon the disease is spread 
from these danger zones by them and the disease assumes 
an epidemic form. 

In rural districts the absolute reduction of mosquitoes is 
an impractical proposition but it may be possible to attempt 
to reduce to some extent, if not to eradicate the species 
of mosquito which may be found responsible for the spread 
of malaria in a particular area. 
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Anti-larval measures carried out strictly witliin the limits 
of a village will not be of much benefit as the breedhig places 
round about the village will remain untreated and be a fruitful 
source of mosquitoes to the village. On the other hand, 
treatment of the whole area in between adjacent villages is 
hnpracticable. It is therefore necessary to know as to how far 
round a village, should the anti-larval operations be extend- 
ed- The Malaria Commission of the League of Nations 
in their study tour in India decided that this limit should be 
half a mile all round, provided there were no large breeding 
places just outside this limit (Report of Malaria Commission 
on India). In regions with little breeding, this area may 
be narrowed further whereas, according to Senior-White, 
“ anti-larval work would be practically impossible if the 
limit had to be extended over half a mile”. 

Drainage. 

In hilly districts there is comparatively less possibility 
of rain water accumulating and remaining stagnant sufficiently 
long for mosquitoes to breed as water flows down the natural 
water courses of the country. But in the low lying districts 
situated away from the natural drainage the lands remain 
under water for a considerably long time with the result that 
mosquito nuisance increases and practically remains constant 
until the water is either absorbed by land or evaporated. 

Drainage as applied to mosquito control is quite different 
from the usual meaning of the term ''"drainage.” For mosquito 
eradication it is not enough to drain the land properly but the 
drainage ditches must be so planned, constructed and attend- 
ed to that they will not become a source of mosquito breeding. 
It is known that mosquitoes breed more favourably in shallow 
water than in deep water, even a depth of an inch is sufficient. 
Ditches are constructed chiefly for disposing of storm water 
but subsequently when normal water line is reached the 
ditches may hold water which though small in quantitv 
may favour mosquito propagation. 
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Drainage from an anti-mosqnito point of view may be 
considered mider the following heads : — 

1 . Training natural streams and water courses. 

2. Subsoil drainage. 

3. Filling. 

Training and Treatment of Small Streams and Natural 
Water Courses. — It is believed that mosquitoes breed only 
in stagnant water but mosquito larvae have often 
been found in large numbers in streams with a fairly good 
current. It is possible that in most streams the velocity of 
the current is markedly decreased owing to formation of 
irregularities in its course. It is in such places that the 
water is almost, if not absolutely, stagnant. 

A stream or a ditch should be made to have steep banks 
directly above and below the flow line, uniform grade and 
width and as far as possible a straight course. They should 
be free from any growth, of vegetation, sticks, stones, or other 
obstructions that would interfere with the current. 

Subsoil Drainage. — Subsoil drainage is useful in connec- 
tion with mosquito control for two purposes : 

{a) To lower the water table or ground water so that 
pools or surface water will be absorbed more 
rapidly by the soil. 

(6) To intercept seepage planes and jprevent seepage 
water from hill sides reaching and collecting 
on the surface of the ground. 

Drain tiles are used for this purpose. The size of the 
tiling may range from 3 inches to 12 inches in diameter and 
1 to 2 feet in length. The tiles are placed underground, end 
to end, and covered with earth. They are generally laid at 
the depth of 2 to 4 feet. 
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Subsoil drainage must be iirotccted from traffic wherever 
roads pass over it. The outlets must also be regularly attended 
to and any clogging caused by earth or other material should 
be r(unov(^d. The chief advantage of subsoil drainage is that 
it permits of no water surface being exposed to mosquitoes. 
The other advantage of this method as compared to open 
ditches is that it is self-cleansing, maintains itself in good 
condition, permits of easy inspection, needs very little 
attention and besides requires no oiling. The disadvantage 
of subsoil drainage is that it is expensive. 

Collections of water which it may not be 
|>ossibl(f to drain should be removed by filling with dry 
refuse cu earth. When the filling material consists of town 
refuse car(i sliould always be taken to exclude broken crockery, 
bottles, old tins and other articles which are likely to hold 
water in the rainy season. If any such articles are included 
in tin* filling materials they should be covered over with earth 
sf» as to do away with the possibility of their holding water 
and becoming a source of mosquito nuisance. 

One of the advantages of filling is that shallow water in 
areas which are too low to be drained is concentrated and the 
remaining body of water is easier to control. In filling with 
earth or clay care should be taken not to leave depressions on 
the filled up portion which may hold water. 

In addition to these measures as a matter of personal 
protection house owners as far as possible should try to elimi- 
nate sources of mosquito breeding in the immediate vicinity 
of their houses, Depressions which may hold water should 
be filled with earth, or small collections of water should be 
oiled periodically. 

The use of mosquito nets combined with quinine 
administration is always advocated for personal protection 
against malaria. Mosquito nets can however have no practical 
application in India as the economic condition of the masses 
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particularly of tlioso living in rural districts is so poor tliat it 
would be unwise to rely on this measure for personal protec- 
tion against malaria. 

Quinine and Rural Malaria. 

Quinine is of great value as a curative in rural malarial 
districts provided it is made available in sach places for the 
people. Arrangements are made by Government Medical De- 
partment for the sale of quinine at comparatively cheap 
price in villages through Post Offices or schools. Villagers 
generally take advantage of these facilities and during the 
malarial season there is always a general demand on this supj)ly. 
During the malarial season which generally sets in soon after 
monsoon and prevails from September to December, medical 
aid is also rendered to people suffering from malaria by 
temporarily appointing Medical Officers. These officers visit 
villages and treat patients for fever and other complica- 
tions. 

Bonification — ^The term “ bonification generally signi- 
fies all work carried out with the object of making regioms 
that are periodically or permanently manshy, more healthy 
and more suitable for agriculture. The results of bonifications 
are direct and indirect. 

The direct consequences are the changed hydrographical 
conditions : lakes, sea inlets and swamps are converted into 
dry land and protected against repeated inundations, the level 
of the subsoil water is lowered as a consequence of drainage 
or is raised as a consequence of irrigation. 

The indirect consequences are the changed economic 
conditions : building of towns and villages, agriculture, new 
roads, etc. They may lead to a rise of the economic status of 
the indigenous population and in that case the indirect 
consequences are social as well as economic. 
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Tliero can be no doubt that the work of bonification may 
lead to a n.-duction or even coniiilete abolition of breeding 
places. 

There is no difference of opinion on the good influence 
of agricultural bonification in decreasing the incidence or, at 
least, the gravity of malaria (Second general report of the 
Malaria Commission, League of Nations), 

Malaeia Prevention in UrBxVN AIeas. 

Measures to be adopted for the prevention of malaria 
have to be devised on different lines for (1) towns in which 
there is no public water supply and sewerage system and for 
(2) towns which have a public water supply and a complete 
sewerage system. 

Anti-Malarial Measures in Urban Towns without 
Public Water Supply and Seweeag-e. 

Except a few towns most of the towns in India have to 
depend for their water supply on wells, tanks and other 
temporary collections of water. In the absence of drainage 
or sewerage for most of the towns the methods of sewage dis- 
posal are very unsatisfactory. The waste w^ater is allowed to 
drain into pits or low lying lands. Such collections of water 
become sources of mosquito breeding. In such water the 
mosquitoes which breed are generally of culex variety and 
there is no danger from these from the malaria point of view, 
but all the same they cause a good deal of annoyance by 
biting and are therefore a great nuisance. 

Urban towns of the above description are faced with 
malaria problem on account of the breeding of mosquitoes 
of the anojiheles variety in wells, tanks and other collections 
of fresh water. 

Measures against Anophelines, 

Wells. It is said that mosquito eggs do not hatch in 
wells wliich are in use as they are destroyed by the disturbance 
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of water. TMs is however not correct as mosquitoes have not 
infrequently been found breeding in such used wells. The 
anopheles mosquitoes, as has been stated before, prefer 
to lav their eggs on the surface of clean water such as is found 
in wells which are in use. In urban towns which depend for 
their water on wells, they are a source of danger from malaria 
point of view. 

* 

Where it may be possible, wells may be protected from 
mosquitoes by covering them and water may be drawn by 
means of a pump. The cover may be made of cement con- 
crete which will last long and render the well hermetical. 
This measure can however have no general application in 
most of the towns owing to the habits of the people who will 
not find a pump satisfactory for drawing water. 

Mosquito breeding can Jbe checked efficiently by stocking 
wells with larfficidal fish. In the presence of too much 
vegetation in wells fish cannot attack efiectively the larvae 
as they find protection in the weeds and other vegetation. As a 
rule in wells which are in daily use there is not much vegetable 
growth but such is not the case with tanks as they contain 
algae and other vegetable growth. In such tanks larvicidal 
fish does not act effectively as the larvae seek protection in the 
vegetation. If fish is to be used for larvicidal purposes it is 
necessary to clean the water of all the vegetation. It is 
difficult to get rid of the algae but this can be done to some 
extent by adding cOpper sulphate to the water. Fish should 
be introduced after cleaning the water thus. Nothing can 
be said definitely as regards the quantity of fish required 
but the same can be determined by observing the effect of the 
fish introduced in a particular well. 

Oiling . — Wells which are not in use for drinking purposes 
may be oiled regularly at least once in a week. Tins will 
kill larvae of all the species of mosquitoes. 

57 
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TJse of Ghemicak,—Wb.en anopheline mosquitoes alone 
are found breeding Paris Green may be sprayed on tlie 
water surface for destroying tbe larvae. It should be used 
once a week regularly to prevent the larvae developing 
into adult mosquitoes. The advantage in the use of Paris 
Green is that it does not render the well water unfit for 
domestic purposes for several days as happens in the case 
of oiling. 

Anti-Malaeial Measures for Urban 
Towns havino a Public Water Supply and 
Sewerage System. 

Bombay can be taken as an example of such a town 
and all the anti-malarial measures adopted there may be 
beneficially introduced in any other town under similar 
conditions. 

Anti-Malarial Measures in Bombay. 

Anopheles stephensi is the malaria carrying mosquito in 
Bombay. All water containers to which this mosquito is 
likely to gain access must therefore be protected against its 
entry. It has been observed that this mosquito prefers to lay 
her eggs in clean water. All domestic water cisterns and every 
other collection of clean water are potential breeding places 
of this mosquito. Anti-malarial measures must therefore 
be concentrated on the control and eradication of this 
mosquito. 

The following measures are adopted for the Anopheles 
stephensi in particular and mosquitoes in general : — 

(1) Domestic Cisterns . — Most of the houses have water 
storage cisterns for domestic use and for flusliing water-closets. 
If any such cistern is in a non-mosquito-proof condition 
Anopheles stephensi has been invariably found to breed in 
it. These cisterns must therefore be considered to be 
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dangerous potential sources of breeding and must therefore 
be guarded against the mosquito. Mosquito-proof cisterns 
have specially been devised from this point of view. 



Domestic Cistern. 

a, Manhole cover cast in one piece ; b Manhole collar "with rim ; 
c Hinge ; d Hasp ; e Checknuts ; / Feeding pipe ; 

g Warning pipe with protector. 

A cistern is made of wrought iron plates and all its sides 
are firmly secured by means of rivets. It has an opening 
in the top sheet known as the manhole. A cast iron rim 
with a collar is fixed on this manhole which is provided with 
an iron cover cast in one piece. This cover is fixed on to 
the manhole rim by means of a hinge and a hasp. The bar 
across the top of the lid should be short so that both 
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hinge and the hasp are as close to the lid as possible. This 
is done to enwSuxe proper closing of the lid and putting on a 
lock. The other standard parts of a cistern are a feeding 
pipe, an overflow or warning pipe. The feeding pipe is fixed 
in one of the side sheets and at its junction with the sheet 
a checknut is provided wuth a view to leave no chink around 
the pipe. The same precaution is observed as regards the 
outlet and overflow pipes. The overflow pipe is pro- 
vided at its free end with a standard pattern cap to protect 
it against the entry of a mosquito in the cistern through the 
pipe. This protector consists of a brass ferrule provided with 
a brass plate having perforations not bigger than ^th of an 
inch in size. It can be easily fixed to the end of the pipe. 

The lid of every cistern is required to be kept under lock 
and key or a bolt and nut and any unnecessary interference 
with tliis arrangement is dealt with under the law. 

Each cistern is numbered in a serial order so that there 
may not be any possibility of omitting to inspect any 
cistern during the weekly routine inspections. To facilitate 
easy and quick inspection of domestic cisterns provision 
of easy and safe means of access is also made compulsory. 
It is insisted that an iron ladder should be fixed permanently 
for every cistern so as to make it easily accessible, where no 
other safe means of access exist. 

There are about 37,000 cisterns in Bombay. The work 
of the Malaria Department is so organised that every cistern 
must be examined as regards its mosquito-proof condition 
once a week regularly as a matter of routine. If any defects 
are noticed steps are taken immediately to put it in proper 
order by issuing statutory notices requiring the work to be 
done within a week’s time. 

(2) WdU . — ^In ancient times wells formed one of the 
important sources of drinking water supply in many Indian 
cities. But with the improved means of public water supply 
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they have outlived their utility and from the point of their 
being favourable potential breeding places of mosquitoes are 
a menace to public health. Bombay may be quoted as a 
striking, example of this. With sufficient public water supply 
private wells are hardly needed for the usual domestic re- 
quirements of any individual. Wells have been found to be 
very favourable sources for the Anopheles Stephens! to breed 
particularly in the southern parts of the city. It has been 
conspicuously absent in the northern part although Anopheles 
subpictus (Rossi) and culex are abundantly found breeding 
in wells in this area. 

After the first malaria survey was made in Bombay 
in 1908 it was recommended that wells should be covered 
with cement concrete leaving an opening fitted with wire 
gauze trap doors. The object of the wire gauze was to 
prevent the entry of mosquitoes in the wells. But time 
has shown that these trap doors have not served any useful 
purpose as regards mosquito control since they are always 
found left open. Concessions for trap doors were granted in 
those days on account of religious objection to pipe water. A 
trap door even if kept closed after use would hardly maintain 
the arrangement in mosquito proof condition which was 
the main object of providing them. Having been made of 
wooden frames fixed on hinges they soon became loose or 
broke and rendered the well non-mosquito-proof. In majority 
of cases these doors would be intentionally left open during 
night by some people holding peculiar superstitious views. 

To guard against all these abuses stricter measures have 
been adopted since the last malaria enquiry which was held 
in 1928. It was recommended that wells should either be 
filled in or hermetically covered with cement concrete. Ho 
trap doors should be allowed in any case. 

As one of the most important anti-malarial measures 
closure or filling of weUs would be a boon to the city but to 
meet with the requirements of certain religious minded section 
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of people a policy lias lieen adopted to eliminate their number 
as largely as possible. According to this policy all wells 
situated in temples or other places of prayer or worship such 
as Hindu Temples, Parsi Agiaries or Fire Temples and 
Mahomedan Mosques or Masjids, and in public charitablev 
institutions known as dharamshalas are to be retained open 
for the use of the public who need well water. Over and 
above these a few private wells are also to be kept open for 
the same purpose. In the selection of private wells for being 
kept open it is stipulated that at least one well will be kept 
open within a distance of 500 yards. With the exception of 
such wells and those which will have to be retained in the 
northern part of the island for the watering of palm trees all 
other wells in the city have either to be filled with earth or 
covered with cement concrete. 

It is cheaper to cover a well than to fill it up and ma- 
jority of the owners prefer to do so as in case of emergency 
the cover can be broken open and reconstructed. If in spite 
of covering, well water is required to be drawn, the Malaria 
Department docs not object to the installation of a hand or 
mechanically worked pump, provided the mosquito-proof 
condition is not disturbed. 

There are newly devised hand pumps now on the market 
in which no leather or rubber parts are used which find ready 
sale among people who object to the use of these materials 
in any devise used for drawing water for religious purposes. 

Certain section of the public objects to the cement 
concrete cover as no light and air can pass in the wells 
although they have been permitted to instal pumps for 
drawing water. To meet with their requirements they are 
allowed to fix thick glasses about 1 inch in thickness and 
copper plates with perforations not bigger than ^th of an 
inch, in the cement concrete for the entry of light and air 
resiieotively. This arrangement has found favour with some 
people as it provides them with all which their sentiments 
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demand and at the same time meets with all the require- 
ments of the Malaria Department. 

Mosquito breeding has to be controlled in wells which are 
kept open in the city for purposes mentioned above. Oiling 
cannot be employed as water is to be used for drinking 
purposes and clean water is needed for the peformance of reli- 
gious ceremonies. Whatever measure adopted for mosquito 
control must therefore be such as to maintain water suitable 
for these requirements. This is achieved by the effective 
action of certain fish on mosquito larvee. Water of wells 
stocked with larveecidal fish remains clean and free from 
mosquito larvae. In Bombay, the fish ordinarily used for 
this purpose belongs to the species Anabas scandens and is 
known locally as khajma. It has been ascertained that one 
dozen of these fishes are enough for 16 square feet of water 
surface to produce effective larvicidal results. It is however 
necessary to observe the results by periodically examining 
the water for larvae. As a rule wells stocked with larvicidal 
fish remain free from mosquito larvae but if in spite of the 
presence of fish breeding is found, steps are taken to destroy 
it by dusting the water with Paris Green mixture. The 
combined action of fish and Paris Green has been found to be 
very effective for mosquito control in wells but it is needed 
only for wells in which there is some vegetation which protects 
the larvae from the fish. In wells free from vegetable growth 
fish alone is sufficiently effective and the combined measure 
hardly becomes necessary. 

Permanent Breeding Places in Gardens 
AND Compounds. 

These are fountains, masonry underground tanks or 
tubs and barrels used for storing water. If these are not ' 
scrupulously looked after regularly from anti-mosquito point 
of view, they become very fruitful sources of mosquito 
nuisance and consequent malaria danger. 
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Tlie residettces of most of the wealtliy class of people have 
gardens attached to them. Ornamental fountains are to be 
found in most of these gardens. These fountains are so 
constructed that they have big circular masonry tanks at the 
bottom and above in the centre there may be several other 
basins either of stones or metal. Water spraying from the 
fountain drops and collects in these basins and the tank. 
Fountains thus become potential breeding places. Breeding 
cannot be checked by oiling the water as it will spoil the foun- 
tain and the owners will not allow the water to be spoilt by 
oiling as the water collected in the fountain tanks is invariably 
used for watering the garden plants. 

For controlling mosquitoes in these fountains it is there- 
fore enjoined that the basins should be either filled with cement 
to disallow collection of water in them or provided with holes 
to drain away water. Similarly the bottom of the tank is 
required to be so sloped and drained that it can be completely 
emptied. Fountains have been allowed to. remain on condition 
that they will be completely emptied once every week and 
kept dry for at least 24 hours, preferably on the day of the 
Malaria Overseer’s weekly inspection of the place. 

The ideal method of watering plants wuuld be by means 
of a hose pipe which could be attached to a water stand post. 
But owing to the antiquated methods of the gardeners and 
the tendency of owners to economise on water charges by utilis- 
ing the water from the fountains for watering plants 
the suggestion for using hose pipe has not received much 
response. Where there are no fountain tanks for storing 
water, masonry tanks specially constructed for the purpose 
have been provided and in some cases big 'wooden tubs are 
used. These prove to be very common breeding places in 
» gardens if precautions are not observed for efficient control of 
mosquito breeding. These are filled with water every day and 
water is pailed out by the gardener for watering, some ■water 
is however bound to be left in these. As an anti-mosquito 
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measure, it is made obligatory on the owners to connect sucli 
masonry tanks to drains on their premises and they are required 
to empty and keep them dry for at least 24 hours once every 
week on the day of the Malaria Overseer’s visit. The wooden' 
tubs have also to be emptied at least once a week or at more 
frequent intervals if necessary. 

These precautionary measures for mosquito control are 
usually applicable both for private and public gardens, but in 
the Victoria G-ardens which is a botanical and zoological garden 
in Bombay, certain intricacies in the anti-mosquito measures 
have to be faced. There are big artificial puddles in 
which valuable water birds are kept. Anopheles mosquitoes 
are invariably found breeding in these and sometimes when 
Anopheles breeding is checked Culex begin to breed. Bearing 
in mind the presence of birds in these puddles very careful 
measures have to be devised. Oiling is out of question although 
it would destroy both Culex and Anopheline larvae, as 
it would be injurious to the birds. Fish can be of no help 
as the birds will not let the fish live. 

Anopheline mosquito control in these puddles has been 
successfully effected by the use of Paris Green. Water is 
dusted with Paris Green mixture by means of a mechanical 
blower regularly every week and there has not been any 
poisonous efiect on the birds. The regular periodical treatment 
with Paris Green of these puddles has amply substantiated 
the prevailing view regarding the non-poisonous effect of this 
arsenical compound on birds. 

Water-closet flush cisterns . — ^There are ^wo types of 
flush cisterns. (1) the automatic flushing tank which is 
usually installed for public latrines or urinals and (2) the pull 
chain flush tanks for water-closets. 

The automatic flushing tanks are made of galvanised tin 
sheets provided with lids of the same material. The tank is 
an oblong box and it has been found difficult to keep it 
in mosquito-proof condition as the lid does not fit tightly and 
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very often the cisterns are tampered with and the lids are not 
replaced carefully. This type has now been condemned, 
Mos(][nitO“proof cast iron automatic flush tanks are now avail- 
able in the market and whenever the old pattern cisterns 
are found non-mosquito-proof they are required to be replaced 
with the new type. As long as the automatic contrivance 
works and water from the tank is discharged every now 
and then so long there is no possibility of mosquito breeding 
in them, but the danger arises when the flush is out of order. 
The Malaria staff is required to treat with Saponified Cresol 
water in tanks which are found to be out of order. 

The water-closet flushing tanks which have so far been 
installed in Bombay have not been of mosquito-proof pattern. 
The cover of such a cis'tern is not tight fitting and besides there 
is an open slit in the cover for working the flush. In occupied 
buildings there is no risk of mosquitoes breeding in the water- 
closet flushing tanks as the flushes are constantly in use, unless 
they are not in working order. But in unoccupied buildings 
there is always a possibility of mosquito breeding in these 
tanks and also in the water seal of the water-closet pan. Regu- 
lar inspection of such buildings for examining the water-closets 
also forms part of the Malaria staff’s routine work. At each 
inspection the water-closet is flushed or if the flush is not found 
in working order a little Saponified Cresol is added to the 
water in the tank and in the pan. 

The use of these non-mosquito-proof flushing tanks has 
recently been discontinued and for any new building no such 
tank is allowe^gto be installed. Mosquito-proof flushing tanks 
which have tight fitting cast iron covers without any holes or 
slits are now obtainable. The installation of such flushes has 
now been made compulsory for all new buildings. 

Roof gutiers md terraces : — Some of these are likely to 
become temporary sources of mosquito breeding during 
monsoon and therefore all roof gutters and house terraces 
have to be carefully inspected for any water collections. 
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Water may collect and remain stagnant in roof gutters due to 
improper slope of the gutter towards its outlet or due to any 
obstruction. Some of the house terraces hold rain water in 
depressions or places which are not properly sloped towards 
the outlet. Mosquitoes are found breeding in these water 
collections if they are allowed to remain for a week or so. 
When such water collections are noticed it is the duty of 
the Malaria staff to get the water swept off and subsequent- 
ly to require the owner to take such steps to remedy the 
defects as to prevent water accumulating anywhere on 
the terrace. 

Overhead Sprinkler Tanks in Mills, 

These tanks are installed in mills at heights not less than 
100 feet. Even at this height Anopheles Stephens! has been 
found breeding. As an anti-mosquito measure, therefore, 
these tanks are' required to be covered hermetically either with 
wrought iron plates or cement concrete. Manhole openings 
are allowed but they are required to be provided with the 
standard pattern cast iron cover similar to those provided 
for domestic cisterns. One additional fitting is required for 
these tanks which is the water level indicator. Different 
kinds of such indicators have been devised but the one ordi- 
narily in use and which has been approved consists of a float 
on the water surface which is connected by means of a wire 
to a lead or iron ball. The wire passes through a hole in the 
cover of the tank and its other end with the ball passes over a 
pulley and hangs on a side of the tanlc. On this side the figures 
indicating the depth of water in the tank are painted and as 
the float on the water surface inside the tank rises or falls the 
ball outside indicates the water level. The hole through 
which the wire passes is required to be made just enough 
for the wire to play. If the hole is made in the cement 
concrete it is likely to become bigger in course of time render- 
ing the arrangement non-mosquito-proof. To obviate this 
a small iron plate with a hole through which the wire is 
passed, is fixed in the concrete cover. In the case of wrought 
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iron covers the hole can be made in one of the plates. In 
connection with these holes made in the covers for water gauges 
it is nccessarv to sec that there is no gap or chink surround- 
ing the wire more than of an inch. 

The same conditions as in the case of domestic cisterns 
apply to these tanks for maintaining them in perfectly mos- 
quito-proof condition. They are required to be examined 
periodically. 

Mill ponds. —The other potential breeding places in the 
mills are the mill ponds. These are invariably found breed- 
ing mosquitoes. In most of these Culex mosquitoes breed 
profusely hut it is not unusual to find Anophelines breeding 
in some of the tanks. In dealing with these potential breed- 
ing places in Bombay it is more a mosquito problem than a 
malaria one, as the malaria carrier Anopheles Stephens! has 
very rarely been found breeding in these ponds. 

Oiling is resorted to as anti-mosquito measure for these 
tanks. Every tank is oiled once every week either by the 
Malaria Department Staff or by the mill authorities them- 
selves, In oases where the mills have joined the oiling 
scheme of the Department they are made to pay a certain 
sum every month. 

There may be some technical objections for oiling the 
water or for using any chemical in such tanks as for instance 
there has been in one case in Bombay. This is a dyeing nnill 
and the water in the tanks is taken from the Municipal 
supply. The water is replenished every now and then with 
the result that the clean water breeds anopheles — fortuna- 
tely the non-malaria carrier Anopheles subpictus has been 
invariably found breeding. As no oil or chemical can be used, 
larvicidal fish has been stocked in the tank to control 
mosquito breeding, care being taken to see that there is no 
vegetable growth which would impede the effectiveness 
■of the fish. 
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Fire buckets . — ^According to tlie fire insurance rules 
buckets are required to be kept full witb water. If tbis 
water is changed every day there would be no risk from 
mosquito point of view but as this is not likely to be done 
these water buckets have often been found breeding 
mosquitoes. As a precautionary measure the mill authorities 
are required to keep this water treated with Saponified Cresoh 
This disinfectant imparts a milky colour to the water and 
makes it easy for the inspecting staff to see whether the 
necessary precautions are being taken. 

Sand has been recommended as a substitute for water in 
these buckets for extinguishing fire but it has not met with 
the approval of the Insurance agencies. 

Machinery and scrap iron . — ^Machinery parts of various 
kinds, barrels, tubs and scrap iron of any conceivable kind 
are found stacked in many mill compounds. These 
are a menace to public health during monsoon as they hold 
rain water and constitute temporary breeding places for 
mosquitoes. As a precautionary measure the mill manage- 
ments are called upon before the rains set in to either 
remove or to keep all such articles in covered places so as 
to prevent collection of rain water in them. If in spite of 
this any articles are found holding water, care is taken 
either to remove the water or to oil the water every week 
regularly. 

BuiMing works . — ^During the construction of a building, 
big or small, several breeding places are temporarily formed. 
If the work is started during rainy season water accumulates 
in the foundation trenches or subsoil water may collect in them 
in dry season. They become breeding sources until they are 
again filled up. A mortar mill or chunam ghani is an indis- 
pensable accompaniment of big construction works. It is 
also likely to be one of the breeding sources if water is allowed 
to collect in the circular trench in which the mortar is pounded. 
There are masonry tanks specially built for storing water and 
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all kinds of wooden tubs and barrels are also used for various 
purposes. The commonest use made of these receptacles 
is for soaking bricks in water before they are used for 
building. 

Cement concrete buildings have in recent years become more 
popular and are being built on a large scale. In the construction 
of the doors of these buildings it is necessary to store water 
on the concrete surface by impounding it with small bunds 
for the purpose of setting the material. This water is kept 
stagnant for several days and replenished daily with fresh 
water. In the absence of any precautionary measures 
Anopheles stephensi has been invariably found breeding in 
these water collections. 

The procedure followed in the road construction works 
for consolidating concrete layer is the same as above and 
mosquitoes of the same variety have not infrequently been 
found breeding in the water stored for setting. 

No sooner a building construction work is started than 
the Inspector of the ward is required to submit a detailed 
report to the Officer in charge of the anti-malarial operations. 
The attention of the owner or building contractor is then 
drawn to the various breeding sources which may exist or are 
likely to be created during the progress of the building works 
and he is called upon to take steps for the prevention 
of mosquito breeding by either completely emptying all water 
containers at the end of the day’s work and for such other 
collections of water as are made for setting cement, the use of 
Saponified Gresol is insisted upon. If mosquito nuisance 
arises, on failing to comply with the suggested measures, legal 
action is taken to enforce the requisite preventive measures. 

Cellars.— M.&HJ newly constructed buildings on Ballard 
Estates and some old buildings in the town which are occupied 
by commercial firms have been provided with cellars. Sub- 
soil water percolating into these cellars constitutes mos- 
quito nuisance. The owners are required to render these water- 
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tight by means of impermeable material. Some of the cellars 
have thus been made water-proof during recent years and 
no water has been found to percolate through the material 
which has been used for the purpose. 

The water in cellars which have not been thus made 
impervious is required to be treated with Saponified Cresol 
once every week regularly to prevent mosquito breeding. 
All cellars which have not been made water-tigh1 have to 
be inspected by the Malaria staff once every week. 

Seepages from water reservoirs. — ^There are two Municipal 
water reservoirs in Bombay, one at Malabar Hill and the other 
at Mazgaon known ■ as Bhandarwada reservoir. Seepage 
water percolating through the sides of the reservoir if allowed 
to remain stagnant in any hollows or depressions forms very 
suitable sources of mosquito breeding. Anopheles Stephens! 
has been found breeding in such seepages. Hollows and 
depressions in which the water collects may be filled in with 
earth or the breeding may be destroyed by oiling. It has 
been found that the best way of dealing with the seepages 
is CO drain away the water. For efficiently draining all the 
seepages it is necessary to divert them into several small pro- 
perly cemented channels which could be connected to a bigger 
one discharging into a storm water drain. Weekly attendance 
to these seepages from the reservoirs forms part of the anti- 
malaria crusade work. 

Temporary breeding places, — ^The work of the Malaria 
Department enormously increases during monsoon due to the 
formation of numerous temporary breeding places. The 
most common temporary sources of breeding which call 
for careful attention of the Malaria Department may be 
stated here. 

(1) Machinery and scrap iron in Railway yards. — All 
kinds of heavy or light machinery, scrap iron and recej)ta- 
cles of various description are found stored in Railway 
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yards. During tlie rainy season most of these articles hold 
•water and constitute a source of mosquito nuisance. On the 
weekly visit of the Malaria staff to these yards steps are 
taken to empty such receptacles or articles as could 
be easily overturned. The collections of water in the 
heavy articles are oiled to prevent or destroy breeding if 
found. 

(2) Private stores— Them are a number of dealers in the 
city who trade in all sorts of empty drums, barrels and tins. 
These stores if allowed to remain in the disorderly manner in 
which they are ordinarily kept would become very serious 
sources of mosquito nuisance due to the collection of rain 
water in the various receptacles. With a view to prevent this 
the owners of such stores are served with notices, some time 
before the onset of rains, either to remove all the receptacles 
or to keep them in covered places in such a way as to dis- 
allow any collection of water. It is not possible in some of 
the ca.ses to remove these articles but the receptacles are 
protected from rain by erecting temporary sheds. 

(3) Municipal Road Department stores and other puhlio 
stores. — In several parts of the city there are Municipal 
Road branch stores. In these stores a large number of barrels 
containing coal tar used in road construction and empty 
barrels are stored. It is generally insisted that all the empty 
barrels should be kept overturned to prevent collection ol 
rain water but in spite of this measure there is still a risk of 
water collecting in a small space at the bottom which is formed 
by the circular rim of the barrel. To avoid water collection 
in this, it is required to be filled -with sand which is available 
in the stores. The barrels wbich are full are also likely to 
be sources of mosquito breeding on account of the same reason 
and they are therefore required to be kept on their sides. If 
any water collects, in spite of these precautions, and becomes 
a source of mosquito breeding, the overseer in his weekly 
crusade destroys the larvae by oiling the water. 
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The other public stores contain barrels, tubs, drums and 
tins. The same precautions as above have to be observed 
in the case of these stores. 

Odd receptacles in private premises . — -It is not uncommon 
to find several kinds of disused articles being thrown about 
in the vicinity of dwellings. These by holding water are 
likely to afford good breeding material for mosquitoes. During 
the routine mosquito crusade work the malaria staff has to 
see for odd receptacles in every place they visit. If the 
articles are such as could be easily handled by them, they 
are overturned so as to prevent collection of rain water. If 
the receptacles are of no value they are collected and removed. 
If however they are big the owners are called upon to remove 
them or to place them in such a way as to disallow water 
collections. 

Depressiom and low-lying lands . — These become sources of 
mosquito breeding during monsoon when rain water collects 
and remains stagnant sufficiently long for mosquitoes to 
breed. The variety of breeding in these differs in some small 
teip.porary depressions in the southern part of the city. 
Anopheles Stephens! is found breeding, whereas in most of 
the low-lying lands which remain underwater during the whole 
of monsoon, in the northern part, the species found breeding 
is invariably Anopheles subpictus. 

Whenever mosquito breeding is detected during the 
routine crusade work steps are taken immediately to destroy 
the larvae by oiling. The owmers of lands where such depres- 
sions are found are called upon to fill in the depressions with 
good earth so as to prevent any accumulation of water. 

As regards the low-lying lands in the northern part of the 
city which remain under w^ater and some of which are used 
for grass cultivation, measures are adopted for mosquito con- 
trol by the use of Paris Green. During the rainy season these 
are regularly sprayed with Paris Green mixture once every 
ris 
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week. At tke end of monsoon whatever water remains, is 
pumped out into neighbouring storm-water drains. 

Organisation and toork of Malaria DeiMrlment.—Sor 
Municipal administration Bombay has been divided into 
seven wards. For anti-malarial work, the staff is engaged 
according to the requirements of each of these wards. 

At the head of the department there is a Malaria Officer 
who is responsible to the Executive Health Officer for all 
anti-malaria -work. The supervising and inspecting staff 
of the department consists of eight qualified Malaria Inspec- 
tors, eighty overseers, seven raukadams, t'wo hundred coolies, 
a mason and a carpenter. The Malaria Inspectors possess 
a registrable medical qualification and some of them 
have been trained in Malaria work. There is one Inspector 
in charge of each ward and an additional one who looks 
after anti-malarial work in mills in the northern part of the 
island. The Inspectors have their offices in their respective 
wards. Each Inspector has under him a certain number 
of overseers and each overseer is given two coolies. The 
number of overseers varies in different wards according to 
the extent of the ward and the nature of the work. 

The duty of the Malaria Inspector is to supervise the 
'work of the overseer and to control the whole staff under 
him. He is required to attend to all the mosquito complaints 
and to report on all matters relating to mosquito control and 
prevention of malaria in his ward. 

For the work of the overseers each ward has been divided 
into several sections and one overseer is placed in charge of 
each section. These sections are again sub-divided into 
six blocks. An overseer is required to inspect all water 
containers and other potential breeding places in each of these 
blocks on an appointed day in a week. In this way he is 
able to attend to all water containers and other potential 
breeding places in his section during the course of a week. 
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Each overseer has to maintain a mosquito record book. In 
this book a careful record of all the water containers and other 
potential breeding places at each and every place or premises 
in the section of the overseer is kept. He is required to make 
an entry into this book as to the condition of these breeding 
places on the day he visits the place. Defects have to be 
noted and reported. If any mosquito breeding is detected 
he has to take steps to destroy it immediately and to report 
it. At the same time a note of breeding is made in 
the book. The overseers submit all their reports to the 
Head Malaria Office through their Malaria Inspectors, 

As regards the duties of the coolies they arc not required 
to do any Avork independently. Tavo coolies accompany an 
overseer for his daily routine inspections and assist him in 
finding out mosquito breeding, collecting larA^rn samples and 
in destroying the breeding AAnth suitable larvicides or other 
measures. 

The mukadams have to attend to several things such as 
the preparation of oil mixture, Paris Green mixture, stocking 
of Avells Avith fish, etc. The mason and carpenter attend to such 
minor defects in the Avater containers or wells as could be 
■easily remedied Avithout calling upon the OAAmers to do so. 

The Malaria Officer is responsible for the working of the 
whole department. He directs the policy of the department 
as regards all anti-malarial measures. He is assisted by a 
•clerical stafi. 

There is a small laboratory attached to the Malaria 
Office Avhere the AAmrk done is mostly identification of 
anopheline larA"a3 and examination of blood slides for malaria 
X^arasites, 

Whenever anopheles breeding is detected anywhere in the 
daily routine inspection of the overseers, the Malaria Inspec- 
tors are required to send samples of these larvae to the labora- 
tory AAnth full particulars as regards their source- The larvaj 
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are carefully examined and whenever a sample is identified 
as that of an Anopheles stephensi, intimation is immediately 
given to the Malaria Inspector of the ward of the result of 
identification and he is directed to take stringent measures to 
prevent or stop the breeding. The aim of the malaria depart- 
ment is to direct all its activities in this way towards the 
eradication of the malaria carrjfing mosquito of Bombay, 
«.e., the Anopheles stephensi without in any way ignoring 
the annoyance caused by all other kinds of mosquitoes. In 
Bombay the war is therefore against mosquitoes in general 
but against Anopheles stephensi in particular. 

The following species of anopheles mosquitoes are found 
in Bombay : — 

Anopheles subpictus (rossi). 

„ stephensi. 

„ vagus. 

„ barbirostris. 

„ fuliginosis. 

„ culicifacies. 
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CHAPTER X. 

Disinfectiojt. 

Disinfectants are the agents which destroy the germs of 
disease either free or in the infective material conveying 
those germs. An antisejptic, on the other hand, is a substance 
which merely restrains the growth of organisms and prevents 
animal and vegetable matters jhom decomposing. Deodorants, 
which are frequently confused with disinfectants, are sub- 
stances which either serve to cloak offensive smells_ by their 
own odour or destroy them by oxidation. 

Complete disinfection or sterilization is that in which both 
bacteria and their spores are destroyed, and incomplete is 
that in which the bacteria only are killed. In Public Health 
work, it is not enough to destroy the organisms only which 
cause the diseases but the agents which convey them, e.g., 
lice, bugs, fleas, rats, etc., must be destroyed as Avell. To 
this the term ‘‘Disinfestation” is applied. 

In practice, disinfection is accomplished by the agency 
of Iieat and chemical substances but there are certain acces- 
sories which play an important part and may properly be 
considered here, viz., mechanical cleansing, light and desicca- 
tion. 

Mechanical cleansing. — Cleansing with soap and water 
unquestionably removes many organisms and the scrubbing 
of floors, furniture and wood-work is a necessary adjunct to 
chemical disinfection. Again, in disinfecting a room lately 
occupied by a jjhthisical patient, the removal of dust from 
the walls by means of dough, as advocated by Esmarch, 
affords a valuable safeguard to the workman employed, as the 
dust is entangled in the dough instead of being scattered 
about. The dough is subsequently destroyed by fire. 

Light is a most important factor in keeping down the 
number of bacteria, as it has a deleterious action on them in 
their vegetative form and to a less extent in their spore form. 
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The ultra-violet rays are mucli more powerful than the infra-red . 
The effect is increased by the presence of air and moisture 
and is jnohably due to a process of oxidation, varying according 
to the duration of exposure, the intensity of the light and 
the variety of organisms present. 

Desicc,ation or drying may kill many of the non-sporing 
organisms, e.g., Staphylo-cocci and Strepto-cocci, Typhoid 
bacilli, etc., but the spores of spore-bearing organisms are 
not destroyed. They resist dryingfor an indefinite period and 
really become more difficult to kill by other means. The 
Anthrax and Subtilis bacilli are examples of this latter class. 

Valuable though these accessories are, public authorities 
have to take more active measures, and these include the use 
of lieat in one form or another or of chemical substances. 

Objcafs of dishfection.—lt may be necessary to employ 
agcnt.s for the destruction of known germs of disease, or for 
the destruction of the infective material of other diseases, the 
causative agent of which has not yet been isolated, hut which 
is in all probability organismal in nature. On the other hand, 
the main object may be not so much the destruction of the 
germ itscdf directly, as the destruction of the carrier of the 
germ. Modern research has clearly demonstrated the part 
played by certain insects in the spread of communicable 
diseases, and it may be against such carriers more particularly, 
that our efforts should be directed, e.g., fleas in Plague, certain 
varieties of Anopheles mosquitoes in Malaria, Aodes (Stegomyia 
mosquitoes) in Yellow Pever, flies in the spread of Cholera,, 
Typhoid and intestinal diseases such as Diarrhcea, etc. Again, 
the destruction of organisms may be necessary for the pre- 
servation of food materials, e.g., sterilization of food in the 
process of tinning such materials. It cannot be too clearly 
understood by the Inspector that disinfection is not meant 
to replace cleanliness and that the wholesale sprinkling of 
foul surfaces and objects with disinfectant fluids and powders 
is a procedure both wasteful and useless. Preventive medicine- 
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demonstrates more and more the value of cleanliness and 
to cloak the smell of foul and decomposing matter with a 
powerful deodorant is not only a waste of time and material 
but is indicative of an entire absence of knowledge of the 
true use of such agents, or of gross negligence. This matter 
is referred to here because one so often sees such practices 
adopted, and for this sanitary authorities are themselves 
much to blame, owing to the indiscriminate distribu- 
tion of so-called disinfectants to householders without 
first explaining the imperative necessity of removing 
the source of nidsance before applying deodorants or 
disinfectants. 

Disinfection by heat. 

Heat as a disinfectant may be emidoyed in the form of 
dry or moist heat. 

InGineraiion.—This, though complete disinfection, is 
of limited value in practice. Discharges from patients 
sufiering from infectious diseases may be burnt after being 
mixed with saw-dust or some other combustible material. 
Articles of little value like rags or soiled mattresses may also 
be destroyed by burning. Plague infected huts ma}’ also 
be similarly destroyed as it is so difficult to disinfect them 
' and destroy the fleas by other methods. 

Dry heat.— As dry, hot air depends upon conduction and 
only very slightly upon convection for its action, it cannot 
penetrate very far into bulky articles. Disinfection by dry 
heat has been almost universally superseded by disinfection 
by moist heat on account of the disadvantages associated 
with the former, which may be summarised as follows. The 
duration of exposure and degree of temperature attainable 
are limited by the tendency to scorch. Its penetrative power 
is small and articles, which on the surface are scorched, may, 
in the interior, never have beenheated to a proper temperature. 
It is slow in action and its germicidal power is less than that 
of steam at any given temperature. Moreover, some parts of 
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th.e liotair chamber are hotter than others and consequently 
infected articles are acted upon unequally. Fusible sub- 
stances like glue and wax are melted and many articles 
become brittle as a result of overdrying. 

//mi Infected textiles maybe disinfec- 
ted by this method. The non-sporing bacteria are killed at 
once, while the sporulating organisms can be destroyed by 
boiling for about one hour. If the articles are stained with 
albuminous matters as in blood and fseces, boiling will fix 
the stain. Hence they should be previously soaked in cold 
water and, if necessary, scrubbed with a little soap. 

(2) Steam is the agent used by most public 
authorities at the present time for the disinfection of bedding, 
clothing, etc. It enables a higher temperature to be reached 
without danger to the articles, and moreover it has a much 
greater penetrating power than dry heat, and is more rapid. 
The steam may be supjilied to the disinfector either from 
an existing boiler used for some other purpose, or from a 
special separate boiler used only for the disinfector, or lastly, 
the jacket of the disinfector may serve as a boiler, examples 
of which will be referred to at a later stage. 

Steam at a given pressure is not equally efficient, whether 
it i.s used as saturated steam or super-heated steam. Saturated 
steam is steam at a temperature very slightly above that at 
which it has been generated and therefore condensing on 
being slightly cooled. Super-heated steam is steam, at a 
temperature at least several degrees above that at W'-hich it 
was generated and so resembling gases in that it requires to 
be compressed, or cooled considerably, before passing into 
the liquid state. It is a bad conductor of heat, resembling 
air in that respect. Saturated steam, on the other hand, can 
easily convey heat and, on comuig in contact with cold 
objects, condenses and in doing so imparts its latent heat to 
those objects and shrinks very considerably in volume 
A vacuum is thus produced to fill which more steam is drawn 
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in resulting in tlie further penetration of the article layer 
by layer till the centre of the mass is reached. When the 
temperature of the object is raised sufficiently, the water 
thus condensed is vaporized again. When this takes place in 
connection with a pillow or other porous article, successive 
layers become heated in turn, provided always that the con- 
tained air is allowed to escape : otherwise, if allowed to remain, 
it interferes with the penetrative power of the steam and 
therefore with rapid heating. 

Super-heated steam is saturated steam which, after having 
been removed from the presence of water, has been surcharged 
with heat. It cannot endure in the presence of water, as 
the latter will absorb the surplus or super-heat until the steam 
reverts to the saturated condition. 

Defined in another way, saturated steam is fully evaporat- 
ed water. It is perfectly dry and contains, in a given volume 
and at a given temperature, the maximum weight of evaporat- 
ed water and incorporated heat. In the boiler it has the 
same temperature and pressure as the water from which it is 
produced. 

Steam either in the saturated or tlie super-heated condition 
may be confined, or it may be in motion, i.e., current steam. 
Moreover, it may be used at atmospheric or low pressure or 
at high pressure. The term ‘ low iiressure* as applied to 
disinfectors means steam given off at boilmg-point and 
atmospheric pressure. Similarly, ‘ high pressure’ means only 
a pressure of 10 to 15 pomids, representing at ten pounds 
a temperature of 115° Centigrade. Very many ex];)eriments 
have been made by different observers to test the relative 
efficiency of various types of disinfectors. Esmarch using 
Anthrax spores and current super-heated steam concluded 
that current steam should never be super-heated. Such 
steam cannot condense until it has been cooled to the satur- 
ation-point, and consequently it can only act as dry, hot air 
by conduction. The use of super-heated steam means a 
longer exposure and consequently a greater consumption of 
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fuel and more liability to injure tbe articles, with less reliability 
as to disuifection. 

Air in the interstices of the clothing greatly interferes 
with the penetration of the steam. This difficulty can be 
overcome in various ways. One method is to pass a rapid 
current of steam through the chamber, which must be provided 
with a sufficiently large outlet and means whereby steam 
can be generated rapidly. Another method is to provide 
a vacuum or exhaust pump to extract the air prior to dis- 
infection, and a third way is, from time to time, to intermit 
the pressure within the chamber. The sudden reduction of 
pressure causes an expansion of the steam in the interstices 
of the material under treatment, and vaporization of the 
moisture contained therein which displaces the air in the 
articles. 

Much has been written by the supporters of the two 
different systems, viz., current steam and saturated steam 
under pressure. Tbe former is cheap, the apparatus is simpler 
and is easy to work. For many, if not all, practical purposes 
the prolonged exposure of infected articles to a rapid current 
of steam, especially if that steam is kept a few degrees above 
cond(msation-poiut, produces disinfection and, if p)rior to the 
introduction of the current steam, a vacuum or partial vacuum 
is produced, the penetrative power of the steam is increased 
and its action is more rapid and powerful. Current steam 
is eminently suited for sinall installations and where skilled 
labour is not available. The opponents of this system object 
to it on the ground that it is difficult to control the rate of 
the current and the rate at which the steam is generated 
and they claim that with saturated steam under pressure 
there is a constant and efficient condition under control and 
that in practice it is easier to expel air by this method than 
by current steam. Steam under pressure, how’-ever, requires 
a much heavier and more costly apparatus. 

Whatever type is used, for practical purposes, it is 
necessary that the chamber be of a suitable size, the most 
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useful being one wMch is about 6 to 7 feet in length and 4 
to 5 feet in depth. 

The rapidity of the penetration of heat into articles is 
ascertained by placing within them a thermometer, which on 
registering the required temperature rings a bell by reason 
of the mercury completing the circuit of an electric current 
from a battery. The efficiency of the provision for drying 
the articles is gauged by the amount of moisture remaining 
in them after removal from the stove, as calculated by the 
increase in weight of the articles. The maximum tempera- 
ture reached in the stove and the uniform distribution of the 
heat may be tested by means of recently standardised maxi- 
mum thermometers wrapped up in blankets and exposed in 
tlie stove ; and the pressure within the stove can be ascertained 
at any time by the pressure-gauge. 

Of the numerous types in use in the different parts of the 
world, a few of the better known ones may be referred 
to here. 

(1) The Equifex Disinfector uses saturated steam under pressure. It 
has no jacket but has the usual two doors which are provided with wheels,, 
and floor rails to facilitate opening and closing, and also rails on which 
runs a wheeled cradle for the clothing. The steam is derived from a boiler 
which is quite distinct from the apparatus itself. Several sizes and types 
are constructed. One type, whichis used both by the Bombay Municipality 
and the Bombay Port Health Authorities, works with a pi'ess.ure of from 
7 to 10 pounds per sC£uare inch. Another type work-s at from 2 to 5 lbs. 
pressure. Means for producing a vacuum in the chamber are provided 
and there is a coil of pipes containing steam running through the chamber ; 
these coils assist drying after disinfection and also prevent undue conden- 
sation of steam. At intervals the pressure of steam in intennitted. In 
recent patterns there is a recording gauge, which traces .on a chart the 
temperature in the chamber throughout the wliole period of disinfection 
thus serving as a check on the attendant in <'harge. The exposure allowed 
is usually about 20 minutes. The cylinder is covered outside -with a non- 
conducting composition and wood to reduce loss of heat by radiation 
and furnished with separate doors for infected and disinfected articles, 
respectively. 

(2) The Washington Lyon is oval in section. It opens at both ends, 
and has a jacket surrounding the wall of the disinfecting chamber, between 



NEW type thresh current steam disinfector. 

(3) Thresh’s Low Pressure Disinfector consists of a chamber surrounded 
by a jacket, which contains a solution of calcium chloride. The jacket 
acts as a boiler, the furnace being situated underneath. The salt present 
raises the temperature at which the water boils and the steam rises at 
about a temperature of 106“C. without applying extra pressure. It is 
a low pressure current steam apparatus, the steam being slightly super- 
heated. The process is finished in about an hour. The apparatus is simple, 
cheap and efficient. 
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As tlie water of th.e Isoilmg solution evaporates, an equivalent amount 
is automatically introduced from a small cistern with, a hall valve 
arrangement, 

(4) The sack disinfector of Colonel Lelean is convenient and portable. 
A steam-proof sack, filled up with the fabrics to be disinfected, is hung up 
and the steam is led into it ’from above from an oil-fired boiler. The live 
steam fills up the sack and disinfects the articles efiiciently. 
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A Disinfecting Station should comprise of the 
following ; — 

(1) Two rooms completely separated from each other 
by a wall into which the stove is built, so that it 
communicates with both rooms. The infected 
articles are brought into one room and placed in 
the stove, and after disinfection they are removed 

* Bloch supplied by : Indestro Trading Co., Engineers, Tamarind House, 
Fort, Bombay. 
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from tlie other end of the stove, which opens into 
the non-infected room. No infectious material 
must be allowed to enter the non-infected room, 
and there should be no direct means of communi- 
cation between it and the infected room. The 
floors and walls of both rooms should be made 
of some smooth and non-porous material, wdiich 
can be readily and efficiently cleansed by water ; 
an exceptionally good provision should be made 
for ventilation and light. If good ventilation 
is not jnovided, the rooms become very liot in 
tile summer time, and it is a good plan, in order 
to reduce the heat and to protect the articles 
from dust and.snioke, to arrange that the stoke- 
liolo and coal-store are outside the compartments 
^\'hen the furnace is immediately under the 
disinfecting oven ; and even when the boiler is 
separate, the stoke-hole and coal-store should be 
placed in a small compartment, shut off from the 
working rooms. 

(2) An incinerator and destructor provided with a 

small second fire to cremate the products of 
imperfect combustion before they pass up the flue. 

(3) Separate sheds for (a) vans employed to bring in 

infected articles, and (h) those employed to return 
the disinfected articles. 

i(4) A laundry and bath-room should also form part of a 
disinfecting station, and a charge may be made 
for any laundry work undertaken after the dis- 
infection of infected articles. 

The Disinfecting Station ^oper.~Th.Q walls should be 
lined with glazed brick or tiles, carefully jointed, or with some 
other hard, smooth and non-porous material; and there 
should be as few angles as possible to harbour dirt. The 
floors should be laid in concrete, grouted over to a smooth 
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— PLAN OF SUITABLE BUILDING — 

DISINFECTING STATION. 

surface with cement, and. with ample provision for drahiage. 
The rooms for infected and dismfected articles, respectively, 
should be so arranged that direct communication is impossible 
and the doors of these rooms should be placed at the extreme 
ends of the building. 

Collection and deUvery of articles vans should be 
used for the infected and clean articles, and these should have 
distinctive colourings ; as by picking out with red the infected 
van, and the van delivering the clean load with white. They 


928 


Sanitation in India. 


should he zinc-lined, and constructed internally so as easily 
to he cleaned. The vanmen should have books with 
duplicate lists of the articles removed, which lists should be 
initialled by the owner on collection and after delivery. 

The system of collecting the smaller articles in canvas bags, 
which can be put direct into the oven after opening the mouth 
is generally adopted. By this arrangement, the risk of articles 
belonging to different premises being mixed at the station is 
almost removed, but separate parcels must always be made 
of articles which are damaged by steam disinfection. It 
is a good plan to place coloured fabrics in bags separate 
from the white articles ; and if each article is carefully folded 
up and packed in the bag, the articles are not so badly creased 
as is otherwise often the case. 

Disixffx'tion by Chemical Substances. 

Chemical substances are most usually employed in either a 
gaseous or a licpiid state. They may act on organisms in 
three different ways:— (1) by attenuation, the organism 
losing its pathogenic action, e.g., Anthrax bacilli immersed in 
a solution of carbolic acid of a strength of 1 in 1,000 ; (2) by 
inhibition, i.e., the organism is unable to grow or multiply 
in the presence of the chemical, the removal of which, however, 
enables growth to proceed ; and (3) by killing the organism 
outright, i.e., exercising a true germicidal action. 

An ideal disinfectant should possess the following pro- 
perties. It should be cheap, of constant composition, readily 
soluble in water, easy of manipulation and certain in action, 
and it should be able to act even in the presence of organic 
matter, e.g., urine and faeces. It should be non-poisonous, 
non-corrosive, non-bleaching, and non-injurious to wood, 
linen, paper and metal. 

Disinfectants vary widely in their capacity to destroy 
bacteria. It is necessary for comparing their relative strengths 
at that standard should be set down and the strength of the 
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fdiiferent disinfectants should be compared in relation to this 
standard. Rideal and Walker proposed that carbolic acid 
should be taken as the standard disinfectant, and the germ 
;against which the power of the disinfectant is to be tested 
should be B. Typhosus. The disinfectant, the strength of 
which is to be determined, and carbolic acid are both allowed 
to act separately in different dilutions upon the test organism 
for a definite period and the highest dilutions of the disinfectant 
•and carbolic acid which kill the organism are noted. The 
dilution of the disinfectant divided by the dilution of the 
•carbolic acid gives the '■' carbolic acid coefficient.” If a 
disinfectant has a coefficient of 20, it means that it is twenty 
times stronger than the same strength of carbolic acid. The 
results of this method are not useful in practice because 
here the disinfectant has to act in presence of organic matter 
which this method does not take into consideration. 

The best method at present is the one followed by the 
British Admicalty. Here the germicidal value of the sub- 
stance is determined in the presence of a definite amount 
'of organic matter consisting of gelatine and finely ground 
rice starch. The disinfectant is diluted with sterile artificial 
sea-water and the dilution is allowed to stand for 20 hours. 
At the end of this period a portion is removed from the 
middle depths for test purposes. The carbolic acid is also 
dissolved in artificial sea-water. 

Disinfection, in general, presents many difficulties in this 
country. In a very large number of cases gaseous disinfectants 
are precluded from use, owing to the structural arrangements 
of the houses. The difficulties of making the poorer class 
residences even comparatively air-tight are almost insuperable . 
The walls and roofs are not even -water-tight, and in many 
instances rat-runs communicating with the exterior are of 
common occurrence. Then, again, the value of many liquid 
disinfectants is negatived, o-wing to the prevalent custom 
of having earthen floors which are periodically smeared with 
Oowdung. The presence of so much organic matter largely 
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interferes with the action of disinfectants. In the better class- 
houses, however, these conditions do not obtain and for that 
reason it is jjroposed to describe certain disinfectants, largely, 
used in the Western hemisphere, as there is no reason \vh 7 
they should not be used with the same amount of success m. 
this class of dwelling. 

The consideration of the particular disinfectant to be- 
used on any given occasion largely depends on the nature of 
the disease and its mode of spread. This is necessitated 
because some disinfectants, which may have a rapidly fatal 
effect on bacteria, may entirely fail to kill fleas or bugs, etc.,, 
and obviously therefore, if a disease is spread by the latter 
agency, some disinfectant which combines a pulicidal and a. 
bactericidal action is indicated. For example, Capt. G-loster, 
I.M.S., has shown that an acid solution of corrosive sublimate- 
even in the strength of 1 in 500 failed to kill fleas after an 
exposure of ten minutes. Perchloride of mercury is an 
excellent disinfectant after many diseases, but it is obviously 
not indicated in a disease such as Plague which is spread 
largely by fleas. Then, again, Clayton gas, which has such 
an excellent effect in ships, has been shown to be more or less 
ineffectual in the typical Indian poorer class dwellings, by 
reason of the impossibility of making them anything apjiroaoh- 
ing air-tight. It is imperative, therefore, that the responsible 
authority should select a disinfectant with due regard to- 
local conditions : in some cases a gaseous one can be used, 
in others it is contra-indicated ; further, in certain instances 
the ordinary well-kno^vn liquid disinfectants can be- used, 
whereas in other cases a pulicidal and bactericidal agent 
is necessary, e.g., in Plague, Eemittent Fever, etc. With 
this reservation we may pass on to the more common gaseous, 
disinfectants and their method of use ; these include sulphur 
dioxide, formaldehyde, chlorine and HON gas. 

Stdphur Dioxide. 

This gas can be generated by burning sulphur, either in 
the form of a powder or in rolls, cones or candles. Cylinders 
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containing the gas in a compressed form are available- 
in tlie market, thus reducing the risk from fire. Another 
method of generating the gas is by burning carbon bisulphide- 
in a lamp. Comparatively recently, an invention known as 
the Clayton gas apparatus has been introduced, which 
forces the gas into the room to be disinfected and thereby 
brings about a greater concentration and diffusion of the- 
disinfectant than in the older methods. 

Before using any gaseous disinfectant, it is necessary to- 
close all openings, and crevices. All windows, doors and 
fireplaces, if present, must be closed with gummed paper, and 
when all possible sources of ventilation have been sealed 
except the exit from the room, the walls and floor should be- 
moistened with water, as the gas has a more powerful action 
when moist, and finally, having started the operation, the exit 
should be sealed. When rolls or powdered sulphur is used, the- 
quantity allowed should be 2-3 pounds for every 1,000 cubic 
feet of air space. It should be placed in a fire-proof receptacle- 
over water and to aid its ignition, alcohol in small quantities 
may be poured over it. If cones or candles are used, the- 
nuinber required will depend on the amount of sulphur- 
in each. At the end of about 8 to 10 hours, the room 
may be entered into and the doors and windows opened 
wide. 

Sulphur dioxide acts as a powerful reducing agent, uniting 
with the oxygen of many substances to form sulphuric acid ; 
on the other hand, it may occasionally give up oxygen. As a 
disinfector and destroyer of rats, Klein and others have shown 
that this gas can be quite as powerful germicidaliy as formalin.. 

The Clayton Disinfecting Company have placed a 
series of machines on the market. These machines can 
be classed under two heads, viz., (1) High Strength G-as 
Machines and (2) Dilute Gas Machines. Disinfection by 
the former is carried out by converting a part of the atmos- 
phere in a room into a gas containing from 12% to 18% of SO 2 
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and allowing this to mix with the rest of the air in the room. 
This strength is suitable for hospital wards, rooms and empty- 
holds of ships, but for holds filled with cargo or for ware- 
houses closely packed with merchandise, the Dilute Gas 
Machine is preferable. This will rapidly convert all the air 
in a room into a gas containing 3% SO 2 . In this system, 
the air in the compartment undergoing disinfection is ex- 
tracted and, as it is drawn through the machine, becomes 
•converted into a disinfecting gas at a high temperature by 
passing over burning sulphur in a specially constructed 
generator. It is then cooled and forced by pressute back 
into the compartment. Delivery and suction operations, 
which are produced by a powerful blower, proceed simul- 
taneously and the volume of air withdrawn is equal to the 
volume of disinfecting gas delivered into the chamber ; so, if 
any lealcagc occurs, it is only due to diffusion. The room 
must be properly closed by pasting up doors, windows, 
fireplace, etc. 

The advantages claimed for the machine are 

(1) The heat from the combustion of the sulphur is not 

set free in the room and consequently, damage due 
to condensation of Water vapour is eliminated, 
e.g.y discoloration. 

(2) The room can be charged with gas for as long as 

desired at a given strength. 

Certain types of machines [e.g., A & B) can be 
employed for extinguishing fires in closed compartments, e.g., 
ship-holds. Experiments were carried out for the Local 
Government Board in 1905-6 by Mr. J. Wade to determine the 
efficiency of Clayton gas in disinfecting cargo in the holds of 
ships. For this purpose a model ship’s hold, stowed with a 
general cargo, was used ; arrangements were made to enable 
samples of gas to be drawn from any part for analysis, -whilst 
rats and bacterial cultures were inserted to demonstrate 
the action of the gas. Cultures, dried on paper anc^ enclosed 
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in glass tubes, as well as cultures planted in agar, were used. 
and over 1,100 tests of gas were made. 

A summary of tbe results is given below 

Rats and insects would be destroyed in less than two hours by the 
uniform diffusion of at most 0 . 5 per cent, of sulphur dioxide. This condi- 
tion is easily and quickly realised in cabins and empty holds, and in the 
space around the cargo in a loaded hold ; but, owing to the extensive 
absorption of this gas, air containing 3 per cent, of it must be circulated 
around the cargo for 8 to 12 hours to ensure adequate penetration. 

Pathogenic bacteria in exposed places would also be destroyed by the 
above treatment, and if the hold be closed for a like period afterwards,, 
sufficient penetration would have taken place to ensure the disinfection of 
all those parts of the interior of the cargo in which these bacteria are likely 
to be present. Complete penetration can in extreme oases be secured by 
repeating the fumigation without opening the hatches. 

Textile fibres and fabrics, metals and furniture are not 
affected by sulphur dioxide, but are liable to injury by the 
accompanying sulphuric acid, when the gas is produced by 
burning sulphur, unless they are protected by means of a 
suitable covering. Jute in bales is not affected in any case. 

Moist food stuffs, such as fruit, vegetables and fresh 
meat, are uneatable after exposure to sulphur dioxide, and 
wheat in bags is rendered useless for bread-making ; but 
owing to the slowness of penetration, wheat in bulk is not 
seriously affected. Barley and maize are practically un- 
affected by fumigation with sulphur dioxide. 

The gas evolved appears to consist mainly of the residual 
nitrogen of the air and a small amount of unconsumed 
oxygen with sulphurous acid in varying amounts up to- 
15% and a considerable amount of sulphuric acid in sus- 
pension, the presence of which makes the mixture white 
and opaq^ue. 

In various experiments in ships, it has been found that 
when the hold was empty, Plague and Cholera germs were 
destroyed after a few hours’ exposure to an atmosphere 
containing about 5% of SO 2 . Rats were readily killed 
in two hours, so also fleas and cockroaches with a uniform 
diffusion of not more than 0.5% of, SO 2 through the hold 
of the ship. The duration of exposure proved to be of more 
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importance than the degree of concentration of the gas. 
With a cargo in the hold, the results were somewhat different. 
The penetrating power of the gas was found to be very gradual 
more particularly in the case of woollen and other fabrics 
(not cotton) done up in tight bales. This is due to the pro- 
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perty wliicli tlie fabrics have of absorbing the gas ; this 
absorption takes place in the outer layers of the bales. Wool 
was found to absorb as much as ten times, and jute at 
least four times its own volume of the gas. Similar absorptive 
action was shown by grain and other food stuffs and in the 
■case of flour, the amount of sulphurous acid retained made 
the flour useless for baking. With a hold full of cargo, it is 
probable that all germs and all rats and fleas cannot be des- 
troyed. It has been found that, if it is desirable or necessary 
to disinfect a ship before discharge of cargo, a small proportion 
■of producer gas* (say 10%) should be added to the Clayton 
gas. The machine drives the sulphur fumes into the lower 
part of the hold and extracts air from the upper. 

In a modern city, composed of well-constructed houses, 
•one can readily understand that these machines can and do 
perform their work satisfactorily, due to the fact that the 
rooms can be rendered approximately air-tight, but in the 
■ordinary lower class Indian dwellings such a necessary con- 
•dition is impossible of attainment, and in Indian villages the 
great majority of the houses have walls made of bamboo 
laths and mud or of kerosine oil tins. Moreover, rat-runs or 
burrows abound and to make such a dwelling rat-proof prior 
±0 disinfection is obviously hopeless. 

Experiments carried out at the HafQ?ine Institute 
would appear to show that rats can readily be killed with 
'Clayton gas, when they are confined in an open room but, 
if they are allowed to move about freely, some may escape 
before the coneentration of the gas becomes strong enough 
to overcome them ; moreover, certain types of burrows may 
.afford shelter to the rats which thus may escape destruction. 

In the Presidency towns and many cities of India, where 
numerous weU-constructed modern houses exist, this method 
•of disinfection can readily be carried out. 

- * Proclucer gasis generated by blowing a current of air in’to a producer 
in' which coke .is burned and. consists of CO '(8%), N. (about 70%) and 
•CO 2 . 



936 


Sanitation in India. 


Formaldehyde. 

The germicidal action of this gas has been clearly demom- 
strated and many devices have been suggested for its use.. 

( 1 ) Trillat's AntodavR.~The apparatus is Avorked from outside the rooim 
which it is desired to disinfect, the gas being introduced by means of a 
tube or nozzle. The autoclave i.s charged with a mixture of formalin, 
glycerine, calcium chloride and AA’ater (Formochloral). ITrom to 1 litre- 
of Formochloral should be used fora room of 1,000 c. feet, a little extra 
quantity being used to guard against danger from drying up. Heat is- 
then applied and the pressure raised to 50 or 60 lbs. ; the cock is then, 
opened and the ejection of gas begins and continues until the pressure 
falls to 20 lbs., Avhen the pressure is again raised and the process repeated 
so long as vapour continues to rise or escape from the nozzle of the 
autoclave. 

(2) Lingner's A'pjtamlva comprises of a central receiver which is charged 
with formalin, gly('erine and water (Glyco-formalin) ; surrounding this is a 
ring boiler containing AA-ater, and this is heated hy means of methylated 
spirit contained in a heating ring underneath the boiler. When the water 
in the ring begins to boil, the steam passes through a pipe into a central 
receiver, and tlie combined steam and formalin are conveyed hy means of 
four nozzles into the atmosphere of the room in the form of a fine spray. 
Ba(!teriol(jgical testa Avith this apparatus haA^e proved satisfactory in the 
highest degree. 4 Ihs. should be A'-aporised for 1,000 c. feet of space. 

(3) fir.hmng'n method . — Tablets of paraformaldehyde are volatilised by 
huniing them over methylated spirit in a patent lamp. The tablets weigh 
one gramme each. In Germany the Aesculap lamp is largely used for the 
purpose ; in England the Alformant lamp, and more recently the Hydro- 
formant lamp has been devised to yield more moisture than the other 
patterns. By this latter lamp, water is converted into steam at the same 
time as the tablets into gas. For every 1,000 cubic feet of air space^ 
tAA'enty-five tablets should be burned. 

(4) The Potassium Permanganate — Formalin Process . — In this method, 
a solution of formalin is poured on to cry,stals of permanganate, resulting 
in the Amry rapid evolution of gas, Avhich has been shown by Professor R. H. 
.Firth to consist of formaldehyde, water vapour, carbon dioxide and traces 
of formic acid. For a space of 1,000 cubic feet, about five ounces of per- 
manganate and half a pint of formalin are required. The walls of the 
rooms should he first damped and the room sprayed with water. 

Mr. Clintic, experimenting in the disinfection of railway 
carriages with formaldehyde, arrived at the conclusion that- 
very little formaldehyde was produced at temperatures 
below 60° Pahr. owing to polymerisation of the gas. A 
large quantity of gas assists penetration as do a high tern- 
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perature and humidity, but even then, as its penetrative 
power is so little, it should not be used for articles requiring 
a high degree of penetration. For simplicity and rapidity 
he found that the formalin permanganate process was the most 
efficient and more fatal to the Tubercle bacilli than any other 
method. He remarks, however, that the presence of water 
is unnecessary. Tubercle and Coli communis, Diphtheria and 
Typhoid bacilli and Bacillus subtilis were all killed. 

Chlorine. 

Chlorine is a gas extensively used for disinfection purposes. 
It is a heavy, very irritant gas, which destroys organic matter, 
bleaches organic pigments and destroys odours. It can be 
generated in many ways : — 

(1) By heating a mixture of sodium chloride 8 parts, 
manganese dioxide 2 parts, sulphuric acid 2 parts and water 
2 parts, per thousand cubic feet of air space. 

(2) By acting on manganese dioxide with hydrochloric 

acid. 

(3) By mixing bleaching powder and strong sulphuric 
acid in the proportion of 1 |- pounds of the former to 6 ounces 
of the latter for each 1,000 cubic feet of air space. The 
reaction which follows results in the formation of calcium 
sulphate and hydrochloric and hypochlorous acid. These 
two latter interact and form chlorine and water. The reaction 
can be represented thus— 

CaChOs + H 2 SO 4 = CaSOi + 2HC10. 

CaCh + B.SOi = CaSOi + 2 HCI 

HCl +HC10 ==H20 +CI 2 . 

The acid acts at first only on the hypochlorite giving a 
sulphate and hypochlorous acid but, if enough be added, the 
chloride also is attacked giving sulphate and hydrochloric acid. 

The disinfectant and deodorant properties of Cl are due 
to its affinity for Hydrogen. In the presence of moisture, 
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it combiaes with Hydrogen and liberates nascent O 2 whicli 
destroys organic matter including Bacteria by oxidation. 

Delepine strongly recommends that walls, ceiling and 
floors be brushed with a solution of bleaching powder of a 
strength of 1 in 100 to ensure more certain contact, further, 
the activity of this solution may be increased by adding a 
little acid to the solution or by producing acid fumes in the 
air and raising the temperature. The mixture is used in the 
proportion of 2 ounces of bleaching powder to one pint of 
water. The difficulty in regard to this very valuable disin- 
fectant is that in a hot climate it is apt to deteriorate and 
lose its power of destroying microbes. Hanhin of Agra states 
that specimens having a coarse granular powder keep longer 
than other specimens in which the material forms adherent 
masses, and summarises a series of experiments thus 

1 . Chloride of lime, i.e., bleaching powder, when fit for use has a strong 
BiiieU of elilorhie. If kept in a hot climate, the amount of available chlorine 
will be about one-third of the original in about three months, after which 
time the amount of chlorine may he less and the lime will then be unfit 
for use. 

2. Chloride of lime is readily attacked by various kinds of organic 
matter. It is therefore unsuitable for dealing with sewage or other large 
masses of putrefying matter. On the other hand, it may he used with 
advantage in places where the infective material can only be imbedded in 
small amounts of organic matter. 

■ 3. Owing to its deodorant properties and penetrative powers, it may he 
used in the interior of infected houses, on the Avails, on, furniture, or on 
floors either concrete or cement. 

4. Owing to the high bactericidal powers of chlorides of lime, under 
circumstances in which its action is not masked by the presence of an 
excess of organic matter, it is likely that it could he useful in cleansing and 
disinfecting wells, either in place of or in combination with permanganate 
of potassium ; if used for this purpose, the water should be pumped out 
before the well is passed for use again. 

Gbioride of lime itself is usually made by passiug cblorine 
gas over slaked lime. 

2Ca (0H)2 4- 201. = OaCla -j- Ca (CIO)^ -f 2 H 2 O. 

It must be noted tbat chlorine acts much better when the 
air is moist, and, as the gas is heavy, it should be generated 
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in an elevated position. The method so long advocated by 
Professor Delepine is the routine one in force in the City 
•of Manchester for disinfecting houses, and experiments have 
proved its great reliability, provided that the chloride of 
lime is upto proper strength. This is the great difficulty in 
hot countries, but where a constant supply of comparatively 
fresh material can be obtained, there is no reason why this 
method should be less successful here than in colder climates. 
It, moreover, has the great advantage of being very cheap. 

Chlorinated limewash : — 

Chlorinated lime 2 oz. 

Quicklime 1 gallon. 

Water 1 gallon. 

Hydrocyanic Acid Gas. 

This gas is particularly useful for destruction of rats 
and other vermins in ships as it is found to destroy 96% 
of rats in holds whether loaded or empty. It is quick and 
•certain in its action and does not cause damage to metal- 
work, paint, fittings or cargo. It is said to be also relatively 
less expensive in practice. 

On the other hand it is a deadly gas and for the safety 
of the operators, certain precautionary regulations should 
be enforced. The gas is preferably combined with a warning 
iaorimatory gas such as Cyanogen Chloride. One of the 
following preparations may be used : — 

HCN and CAOZ.— The mixture is composed of HaCH 
4 ounces, NaClOs 1.5 ounces, HCl and water, each 17 ounces, 
per 1,000 cubic feet of air space. The time of exposure is 2 
hours. 

Zyklon B . — This is employed at the New York Quaran- 
tine station and consists of Diatomite, a porous siliceous 
earth, holding its own weight of liquid HCN with a tear gas. 
It is put up in hermetically sealed containers of strong tin 
which are labelled to show the net weight of HCN. 
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74 jldon B is poured out on sheets of paper making a layer 

1 an inch thick and about 2 ounces of the powder suffice for 
1,000 0 . ft. For unloaded holds, the exposure should be for 

2 hours but for loaded ones the period should be doubled. 
All posts and ventilators should be closed during exposure. 

After the expiry of the period, the ship is opened up. 
An hour after, a caged white rat is introduced into the hold 
and its behaviour noted. If the rat is uninjured, operators 
wearing gas-masks enter to remove the residues. The ship 
is declared clear, when operators with masks off can enter 
all i)art.s of the ship without any discomfort from tear gas. 

Before commencing fumigation, the Officer-in-Charge 
must see that all crew from the ship have been removed to 
a place of safety except two men and the Watch-Officer. 
Though fumigation vdth HON gas is considered as a hazardous 
occupation, yet with proper precautions outlined above 
the danger can be reduced practically to nothing. Stoc and 
Monier-Williarns maintain that the fatal accidents which have 
occurred in England and other countries have been mainly 
due to lack of precautions or to carelessness of operators. 

(For fumigation of railway carriages with HCN gas 
see p. 963.) 

Comparison of the Various G-aseous Disinfectants. 

Sulphur dioxide is a heavy gas with a density double 
that of the atmosphere and, therefore, diffuses badly. Com- 
bined with moisture, it has marked disinfectant powers, 
a 5.0% solution killing even the spores of B. anthracis. It 
is useful for destroying vermin, being superior in this respect 
to formaldehyde. The gas is irrespirable and while unsealing 
the room where it is produced, the operator should place a wet 
towel moistened with washing soda over the face to enable 
him to enter. Its disadvantage is that it tarnishes bronze, 
gilt and copper surfaces, and hence where possible, these 
should be previously removed from the room after wiping 
them with 1-0% carbolic acid. 
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Formaldehyde gas is noD-poisonous but very irritating 
rfco the eyes and throat. It is most eflS.cacious at temperatures 
above 70° F and at a humidity of 70.0%. While imsealing 
the room, goggles especially made to protect the eyes may be 
worn by the operators. On account of its high difiusibility, 
it is specially useful where passages, staircases or corridors 
with communicating rooms require disinfection. It does 
not tarnish metals nor injure textiles and though actively 
germicidal it is of limited value against insects which elude it 
in corners and recesses. Formalin vapour is specially indi- 
cated for disinfection of books and as spray for leather 
goods, furs and feathers. 

Chlorine gas is of great service in the purification of water 
and is of limited use as an ordinary disinfectant since it is 
toxic to man, less convenient in use and more expensive. 
It is heavier and more irritant than sulphur dioxide and 
■possesses greater bleaching properties. In unsealing the room 
after disinfection the operator should place over his mouth 
a towel soaked in a solution of weak ammonia. 

Hydrocyanic acid gas is particularly useful for the des- 
truction bf rats and other vermin and insects in the holds of 
ships. Its properties and the precautions to be taken during 
its use on account bf its deadly nature have already been 
noted {vide page 940). 

Liquid Disinfectants. 

Many liquid disinfectants have from time to time been 
placed on the market. Among the more commonly used 
•ones in India are— 

(1) Mercury perchloride.~lt is readily soluble in water 
•and alcohol. It is very poisonous, corrodes metals and 
•coagulates albumen. As a disinfectant it is very powerful, 
and in a strength of 1 in 1,000 will kill Anthrax, Typhoid 
.and Diphtheria bacilli in 30 minutes. For spores which are 
killed in 1 hour a strength of 1 in 500 is required. Its solution 
is colourless and, as it is poisonous, it should be artificially 
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coloured, aniline blue being most often used for the purpose. 
It has no smell and is comparative!/ harmless to insect Jife. 
As it is non-volatile, it is used purely as a local disinfectant. 
Its antiseptic power is said to be increased by the additioDi 
of 1% of hydrochloric acid. 

As a dfsinfectant for urine, it is not so very efficacious, as 
the salts in urine give up chlorides which unite with the 
mercury. So also as a disinfectant for sputum and faeces, it 
is not of so much value, because an insoluble albuminate of 
mercury is formed and the organisms protected from contact 
with the fluid. The solution is generally made by taking half 
an ounce of HgCL and adding to it one ounce of HCl strong, 
three grains of aniline blue and three gallons of water giving 
a strength of 1 in 1,000. 

Memmc iodide is insoluble in water, but is soluble in an 
excess of potassium iodide. It is less poisonous than the 
chloride, and is stated to be twice as strong. For floors, a 
solution of 1 in 4,000 is used. It corrodes metals liJre the 
perchloride. 

Mercuric cyanide is as powerful as the chloride and has 
the advantage of not being precipitated by albumin, gelatin, 
mucin or organic matters, and is therefore better adapted for 
mud floors smeared with cowdung. It is somewhat expensive, 
however. Used with kerosene oil emulsion in a strength of 
1 in 50 it makes a good disinfectant for Plague infected houses. 

Carbolic acid is prepared from tar distillates, and in the 
crude state is a dark, oily liquid. Puxephenyle forms colour- 
less crystals turning red in the light. It is soluble in water, to 
the extent of about 1 in 15. It is expensive, its action is 
ui} certain and even in a strength of 1 iji20 it cannot be relied 
upon to kill all organisms, nor does it kill the spores of 
Anthrax. It is poisonous, as it is readily absorbed by the 
skin and abrasions. 

Izal is extracted from an oil obtained in the process of 
carbonising coke in closed ovens. In water it forms a creamy 
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emulsion. It is non-poisonous and has no caustic .action 
on the skin. It mixes readily with water in all proportions. 
Klein found that a solution of 1 in 500 completely disinfected 
Typhoid stools m 15 minutes. A solution of 1 in 600 renders 
Typhoid urine aseptic in 5 minutes. A strength of 1 in 800 
kills the organisms of Diphtheria, Typhoid, Cholera and 
Erysipelas in 5 minutes. Not being volatile it is strictly 
local in its action. It does not injure textile articles to which 
it is applied and its odour is non-irritating, A one per cent, 
solution kills Anthrax spores in one hour. It is used in 
solutions of 1 in 50 for sputum, and one in 400 for rooms and 
for the wet dusting of furniture. Used in the strength of 1 
in 100, it is a good disinfectant for the various infectious 
diseases. 

Lysol is mixable with water in all proportions. It is a 
brown, transparent, soapy liquid and is said to be practically 
non-poisonous. Its mode of preparation would appear to 
make its use, as a general disinfectant on a large scale, im- 
practicable on account of expense. Eor surgical purposes 
it is valuable. 

Cyllin is a cheap, powerful disinfectant and pulicide. It 
is easily mixable with water, does not corrode metals, nor 
does it injure ordinary clothing. It is non-volatile and non- 
hritatiag and does not damage wall papers, nor leave any 
objectionable odour in the room. It can be used in the form 
of a spray or as a wash. Most frequently it is used in two 
strengths, viz., for sputum, blood, faeces and for mud floors, 
walls, cowdung floors, vomited matters, etc., it is used in 
the proportion of two ounces to two gallons of water, i.e., 
1 in 160, and for latrines, drains, clothing, furniture, ceilings, 
etc., in the. strength of one ounce to two gallons of water 
i.e., 1 in 320. 

Equal parts of cyUin and petrol mixed with water form an 
excellent bactericide and puhoide. 

Cresol solution 2|- per cent, is the standard disinfectant 
now used in the army, - 
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Forimlin m a one per cent, solution is frequently used as 
a spray. It is cheap, rapid and reliable, but has an irritating 
odour and affects the eyes. It has no action on most 
metals, except iron, and it does not affect colours. 

Lime is a good and cheap disinfectant but it must be 
fresh. When mixed with water, it forms slaked lime, Ca(OH)2, 
A three per cent, solution of slaked lime kills B. Typhosus 
in 1 hour. Slaked lime is used as a white-wash after being 
mixed with water. Milk of lime is slaked lime with 4-8 times 
its volume of water. It is good as a wash for privies. 

Chloride of Lime . —Bleaching powder is obtained by passiug 
chlorine gas over moist slaked lime. It consists of a mixture 
of Chloride and Hypochlorite of Calcium. The latter is 
strongly alkaline and is acted upon by the carbon dioxide 
of the air giving carbonate of lime and hypochlorous acid 
and this latter m contact with organic matter splits up into 
hydrochloric acid and oxygen, and it is on this that the action 
depends. Delepine advocates a process which has for years 
past been pursued in Manchester for disinfecting rooms 
occupied by tubercular patients. The walls, ceiling and 
woodwork are carefully rubbed down with dough to collect 
the superficial dust and then a solution of chlorinated lime 
(1-100) is painted on the surface two or three times. The 
room is then closed and water containing a little hydrochloric 
acid is evaporated over a small stove. Three hours suffice 
for the process. The solution recommended is six ounces 
of powder to three pints of water. Chloride of lime possesses 
an irritating odour. It corrodes metals. It should contain 
at least 33% of available chlorine. The workmen must 
leave the room while the actual process is going on. 

Chloramine T.— Dakin has shown that the antiseptic 
action of hypochlorites depends not upon their oxidising 
properties as has been formerly- supposed, but on the 
formation of Chloramines from Proteins. One of these is 
Chloramine" T. It is useful as a general antiseptic and in- 
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strengths of 2‘0% is used as a Nasal spray for the -treatment 
■of “ carriers ” of Meningococcus, the germ of Epidemic 
'Cerebro-spinal fever. The exposure should last for 15-20 
minutes and should be repeated every day for 3 successive 
•days. A solution of zinc sulphate is as efficient and is better 
tolerated. 

Permanganate of Potassium is most frequently used as a 
.deodorant. It is expensive, it stains clothing and is easily 
rendered inert in the presence of organic matter. In India 
it is chiefly used in disinfection of wells. 

TEBATMENl' OB WELL-WATER WITH POTASSIUM PEBMAEGAlirATE. 

During Cholera Epidemics and on occasions when there is a suspicion 
that the well-water is contaminated, measures must be taken to purify 
such waters and the method which is usually followed is to treat the well- 
water with Potassium Permanganate. The method is cheap and simple 
and requires no technicalskill, so that its operation may be left to unqualified 
■assistants once the process is demonstrated to them. Its only disadvantage 
is that if the colour persists in the water for some hours, people avoid using 
the water and try to secure their supply from other sources, possibly conta- 
minated. For this purpose the well should be treated in the evening after 
the inhabitants have stored their supply for the night, so that any colour 
persisting in the water after treatment, will be discharged during the night 
hours and the water will be clear the next morning. As regards the amount 
of Permanganate to be used for a well, no hard and fast rules can be laid 
dorni, as apart from other things, it depends upon the amount of organic 
matter in the well-water which will be oxidised by the Permanganate, the 
Permanganate losing its colour in the process. Enough may be said to have 
been added, when the water turns pink in colour and this colour persists 
for half an hour after treatment. The process usually carried out is as 
follows : — 

Into a bucket to u'bich a rope is tied , are introduced one to two ounces 
of Potassium Permanganate Crystals and the bucket is lowered into the 
well till it is filled up with water. Then it is raised up and the contents 
stirred with a stick. The bucket is lowered into the w'cll and dipped well 
under the surface of water. The bucket is raised a second time and the 
solution again stirred and the bucket lowered into the well again. ' This 
process is repeated till the -whole Permanganate is dissolved. Finally 
a sample of water is drawn up and its colour noted. If it is definitely 
pink, then the operator has to wait for half ah hour to see that the colour 
persists for that period. If it is discharged earlier or if it is not definitely 
pink immediately after treatment it means that enough Permanganate 
has not been added. The same process is to be repeated with more Per- 
manganate until the colour persists for the required period. In practice 
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an excess, is usually added, so that the colour is discharged after some 
hours during the night. 

Ferrous Sulphate acts by its reducing action. Unless in 
strong solution it acts but feebly. It is a good deodorant, 
and is used sometimes for disinfecting excreta. 

Disinfectants used in a solid form. 

These are more useful as deodorants in the form, of 
powders. 

CarholiG Poivders.—The “vehicle” for such powders 
is usually lime which is used in excess. The resulting product 
is a carbolate of lime, there being no free carbolic acid and 
the powder is practically inert. The best class of carbolic 
powders are warranted to contain 15% carbolic acid, the 
base being some silicious matter or wood-fibre or peat. 

Slaked Lime may be used as a deodorant as it absorbs 
sulphuretted Hydrogen and most of the organic vapours. 

Equal parts of “sanitas powder” and lime also serve 
as a good deodorant. 

PULICIDES. 

As will readily be imagined, rats, bugs, lice and fleas may 
often exist in places which do not permit of the application 
of disinfectants or pulicides directly. One would therefore 
naturally fail back on gaseous disinfectants as a means of 
combating these vermin. In ships and well-constructed 
houses such agents may be very successful but, as has already 
been explained, in the majority of Indian houses such methods, 
are inapplicable. This fact has been weU exemplified by 
Captain Gloster, I.M.S. 

One must therefore employ an agent other than gaseous. 
Saigol, after a series of experiments, dismissed as useless 
perchloride of mercury, potassium permanganate, formalin,, 
tar, lime, washing soda, sulphuric acid and many other 
substances. On the other hand, he considered as valuable 
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phenylej cyllin and izal, and of tliese phenyle to be the best- 
Sommerville states that rat fleas are killed by cyllin 1 in 400, 
phenyle 1 in 250 and Jeye’s fluid 1 in 250, but adds that he 
would not rely on the application of any disinfectant for this 
work for a shorter period than 5 minutes. 

In Bombay City 'pesterine is the official pulicide. It is^ 
applied to the floor and walls by the aid of a brush. It is the- 
crude petroleum (li(^uid fuel) and in appearance resembles thin.. 
coal tar. It is incapable of direct mixture with water, but 
by the use of soap solution it can be converted into a fluid 
perfectly mixable with water in all proportions, in which form 
it is very efficient against fleas, etc. Pesterine and cyllin. 
in equal proportions when mixed and added to 100 times 
the volume of water give a valuable emulsion of puhcidal 
value. It can either be sprayed or applied directly to floors, 
or walls. In its crude state pesterine unfortunately fouls- 
surfaces to which it is applied and, consequently, it is open 
to objection for use in better class houses. In its favour, 
however, is the fact that it is cheap, easy to apply and very 
efficient as a pulicide and further, what is a feature of very 
great importance, it is not likely to be diverted to other uses.. 

The stafl who do the disinfection should wear long coats- 
and protect their feet with shoes or chuppals (sandals), and 
begin operations by sprinlding a little pesterine on the 
floor. They should then remove all the furniture, etc., and 
should' any fleas be dislodged by this process they will fall 
into the pesterine already on the floor. 

After the room has been emptied, they should spread the 
pesterine with a long brush over the walls, carefully going 
over all the nooks and cracks and ledges ; this can be quickly 
done if the brush is held horizontal. A little more pesterine 
should now be sprinkled over the floor and by means of a 
broom spread all over in an even manner. Finally, a small 
quantity should be poured into any rat hole found in the 
floor. Pesterine may also be used to kill the larvse of flies and 
mosquitoes and other insects. 
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Petrol and heavy henzine obtained from crude petroleum 
prove fatal to fleas on mere contact, and the fumes also kill 
them in about one minute. Emulsified with cylhn or phenyle, 
no separation of oily particles takes place on the addition of 
water, and there is no objectionable odour. Though both 
cyllin and phenyle emulsify petrol, the former is preferable 
owing to its greater germicidal power. The emulsion must 
be made fresh immediately before use ; it is made thus : 
thoroughly mix cyllin or phenyle with an equal quantity 
of petrol or benzine and then gradually add water, little 
by little, shaking vigorously until the two appear thoroughly 
and uniformly mixed. Slight liberation of gas may occur 
at this stage. This emulsion diluted to 1 in 800, i.e., in 1,600 
■of either, will kill fieas quite successfully. 

A mixture of petrol, benzine and crude p)etroleum, (or 
1:3:3 mixture) also acts as an efficient pulioidal agent. 
It is made by taking the chemicals in the above proportions 
and then gradually adding water to the desired extent. Actual 
contact with the fluid appears to be necessary to kill fleas 
and the females appear to be the more resistant. 

Kerosene Oil emulsion used in a dilution of 1 in 10 also 
■destroys fleas. To prepare this emulsion, take 4 cakes of 
Sunlight Soap and slice them. Put the soap in an open 
mouth vessel of 5-6 gallons capacity, add half a gallon 
of water and boil till the soap dissolves. Now commence 
■adding the oil to the soap solution, beating up the latter 
thoroughly after every addition of oil and making fresh 
additions only after noting that all traces of free oil are 
absorbed into the frothy mass. If properly done, half a 
gallon of soap solution should emulsify a whole tin of kerosene 
oil (4 gallons). The time taken to prepare such an emulsion 
is generally about half an hour. ■ 

Captain Gloster, I.M.S., recommends an emulsion of 
kerosene oil made thus Take Sunhght Soap 3 parts and 
boil in water 15 parts. To this add kerosene oil 100 parts 
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staking and stirring all tte while. The oil should be wanned 
carefully before being added, Fleas in a test tube were killed 
in 2 minutes by a 1 in 1,000 dilution of this emulsion. For 
earthen floors the emulsion should be used in a strength 
of 1 in 20 of water. This emulsion has no bactericidal powers.. 
Another one recommended by the same observer is : — 

Hydrocarbon emulsion. — Hydrocarbon is a bye-product in 
the manufacture of gas from kerosene oil. The emulsion is 
made in the same manner as the former, except that the 
hydrocarbon does not require any preliminary heating. The- 
emulsion mixes well with water and has a bactericidal action, 
twice as great as that of carbohc acid. 

Kerosene oil and cyanide of mercury, in the proportion 
of 2 of the latter to 100 parts of the former, form an excellent 
preparation for Indian houses. It is, however, somewhat 
expensive. 

Sunshine as a pulicide.—hx a Plague-infected country,, 
such as India, of vast dimensions and possessing compara- 
tively few large cities and towns, circumstances must re- 
peatedly arise when it is desirable to take precautions 
in regard to the conveyance of infected fleas in the personal 
clothing and bedding of travellers. 

Large numbers of people are continually passing from the 
towns to the villages, and it is obviously impracticable to- 
suggest steam disinfection of clothing, etc., on arrival, and 
in many cases even treatment with one or other of the various 
pulicides mentioned above is out of question. 

To meet this obvious difficulty, experiments were conduct- 
ed at the Haffkine Institute, Bombay, by Captain 
Cunningham, I.M.S., to test the efficacy of sunshine as a 
pulicide, and most valuable results were obtained : valuable 
in that it is now Imown that precautionary measures can be 
carried out in practically every village in India, however 
remote from towns, at no expenditure of money and with but 
little labour. Certain essential precautions of a very simple 
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.nature have to be observed, however, and these have been 
fully detailed by Captain Cunningham and may be summarised 
41 S under 

( 1) Choose a smooth, sandy place where no grass or hushes grow and 

which is fully exposed to the sun. It must not be near trees 
or houses and the ground should have no craehs in it and be free 
from stones. 

(2) If the x>lace is not sandy by nature, it must be covered with a 

layer of sand three inches deep and made quite smooth on the top . 

The sand must be very hot before the clothes are put on it. It is 
necessary , therefore, to wait till about 10 a.m. before spreading 
the c.lothes, and no clothes should be spread after 4 x).m., as the 
sand will not be sufficiently hot at that hour. 

The clothes should be spread evenly on the sand in a smgle layer 
and allowed to remain in the sun for the period of one hour. 

■(3) Thick and jiadded clothes, .such as resais and quilted coats, must 
be turned over once or twice in order to expose both surfaces 
to tlie sun. 

(4) ClotJics must not be placed within three feet of the edge of the 
sand, as otherwise some fleas may escape and ultimately reach 
the village. 

<5) The sandy surface must be quite smooth and precautions should be 
taken to prevent cattle straying across the prepared surface 
prior to the commencement of operations. 

It will be seen that tliis simple precautionary measure is 
witbin tbe reach of any one in any place and practically at 
any season, and it cannot be too widely known and acted 
upon by all village authorities in respect of travellers from 
known Plague-infected centres. 

Concurrent and Terminal Disinfection. 

Concurrent disinfection is that which is carried out 
during the course of a patient’s illness. This includes dis- 
infection of the hands of the sick-uurse, the clinical thermo- 
meter, nasal discharges, sputa and faeces of the patient with 
cleaning of all accessible surfaces and their free exposure to 
light and air. Terminal disinfection is that done on the ter- 
mination ina house of a case of infectious disease by recovery, 
death or removal to a hospital. Terminal disinfection has 



Disinfection of Exceeta and Dischaeges. 951 


lately been considered to be superfluous. Generally the infection 
passes from tbe sick to tbe bealtby directly and pathogenic 
organisms disseminated in the air or deposited on the surfaces 
in the sick-room cannot be held responsible for the occurrence 
of fresh cases of the disease. Once the source of infection 
viz . the patient, has been removed, there is no more “ spray 
infection” and if concurrent disinfection has been practised 
thoroughly, there remains nothing for terminal disinfection. 
A few organisms deposited on the walls or ceiling and other 
surfaces in the room cannot live long, being obligate parasites, 
so that a final domestic cleaning up is all that is required for 
their disposal. 

It is not surprising, in view of these facts, that terminal 
disinfection has been abandoned in cases of Diphtheria and 
Scarlet Fever in some cities in America and the results of this 
procedure have not been found to be bad in any way. 

Though terminal disinfection thus seems to be valueless, 
when concurrent disinfection is practised efficiently, stiU 
it must be remembered that this procedure has not been 
generally followed. Taking into consideration the education 
and intelligence of an average individual and his want of 
capacity to understand properly the need for disinfection in a 
case of infectious disease, one hesitates to recommend the 
abandonment of terminal disinfection altogether in this country. 
To be efiicient, terminal disinfection must be practised with 
proper attention to all details and under the supervision 
of a trained staff. 

Disinfection of Exceeta and Dischaeges. 

In certain diseases this is a most essential duty, e.g., the 
urine and bowel discharges in Tjphoid, the sputum in Phthisis 
and Lobar and Plague Pneumonia, the discharges from the 
throat and ears in Scarlet Fever and Diphtheria and the dis- 
charges from the nose, the vomited matter and faeces in a 
case of Cholera, etc., etc. For this purpose there is a large 
choice of disinfectants. One may use izal 0-5% or acid 
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carbolic 10 per cent., cbinosol 1 in 500, cyllin 1 in 160, creso? 
or zondo fluid. Tbc whole should be well mixed and allowed! 
to stand for 1 to 3 hours and then discharged into the sewer, 
or failing a sewer, buried deep well away from any source- 
of water-supply or risk of contamination thereof, hor Cholera 
dejecta equal parts of quick lime and water may be mixed 
and this slake so formed may be diluted with three times as- 
much water as was formerly used. Now equal parts of this 
mixture and the Cholera dejecta should be well mixed and 
allowed to stand for one hour, after which the vibrios will be- 
dead. Similarly, good chlorinated lime in the proportion 
of two tablespoonsful to a pint of Cholera dejecta is effective- 
in 20 minutes. For Typhoid bacilliiria one per cent, formalin 
solution is efiective. Great care must be taken in destroying' 
all discharges from the mouth, nose, throat or lungs and ears 
of persons suffering from Scarlet Fever, Diphtheria, Whooping: 
Cough, Measles, Small-pox and Cerebro-spinal Meningitis. 
These can be destroyed by fire or by chemical disinfectants. 
In some places the faeces, etc., are sterilised by steam, or 
boiling, and after cooling are discharged into the drains . 

The disinfection of sputum in the case of phthisical 
patients and Pneumonia patients is of the utmost importance. 
In isolated cases the use of izal solution is quite satisfactory 
but in the case of a large institution set apart for consump- 
tives, where in all probability there is a steam laundry, etc.?, 
working in the institution, a more satisfactory method of 
disposal would be by steam, which is already available. God- 
dard, Massey and Warner have introduced for the purpose- 
an apparatus for which they claim the following 

The apparatus consists of a steam chamber, with gal- 
vanised baskets for receiving the sputum mugs, “pocket” 
bottles or jars, which are used by the patients under- 
treatment. 

These vessels when containing sputum are placed into the- 
baskets for disinfection, the receiving door of the apparatus 
is then closed and the whole contents are subjected to- 
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temperature of 126 degrees Centigrade ; the process of dis* 
infection is allowed to remain in operation for a few minutes, 
after which the cylinder carrying the galvanised baskets 
is revolved, by which action the disinfected sputum empties 
itself into the bottom of the disinfector, and is then discharged 
under pressure into the sewer or drain. Hot water is then 
admitted into the chamber for cleansing the inside of the 
chamber, baskets, mugs, bottles, etc., the cylinder again 
revolved, and when the cleansing process has proceeded for 
a short time, the hot water is run off into the sewer, and the 
whole of the contents are ready for use again. 

With this apparatus three very important results are 
obtained 

1st— The phthisical sputa are satisfactorily disinfected 
all the germs being destroyed after the process ; 
therefore the liquid is free from infection, and 
may be run direct into the sewer or drain 
without fear of infection. 

2nd— No germs of phthisis adhere to the vessels being 
used again, as the mugs and vessels them- 
selves are subjected to thorough disinfection. 
The vessels used by the patients are ready for use 
again, after being taken out of the machine, per- 
fectly cleaned, without the use of any separate 
cleansing and thus the nauseous and dangerous 
process adopted in the absence of the apparatus 
is avoided, 

3rd— The process of disinfection is easily performed, 
the whole operation only taking a few minutes ; 
therefore the expectorations contained in the 
vessels used by the patients between each meal 
hour may be disinfected tliree times a day, at 
very little trouble to the attendant. 

The medium by which the germ is surrounded is an 
important factor demanding most careful consideration. 
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On the one hand it acts mechanically by protecting 
the germ from the activities of the germicide. In order 
to kill a particular organism with a particular disinfec- 
tant the one must come in contact with the other. Typhoid 
bacilli in laboratory experiments may be quickly killed 
by a dilute solution of carbolic acid but such a solution may 
be without efiect to kill the same bacilli in typhoid stool 
simply because the bacteria are imbedded in the faeces and 
direct contact is not established. We have to take steps to 
intimately mix the excreta and the disinfectant and to allow 
the latter to have time to penetrate and reach the bacilli. 
The same thing applies to the disinfection of tuberculous 
sputum. The albuminous matrix of the sputum affords a 
very considerable protection to the already naturally 
resistant tubercle bacilli. 

The extremely high germicidal properties of free chlorine 
would be utilised and utilisable to a far greater extent if it 
were not for this factor. The free chlorine combines with 
organic matter first, and a very large part of its potency is 
lost in tliis way. 

Similar remarks apply to the action of corrosive sublimate 
(mercuric chloride) which combines readily with organic 
matter, the substance so formed being possessed of httle or 
no germicidal action. This point is of very practical import- 
ance in connection with disinfection of poor class houses and 
chawls in Bombay, where the floors are covered over with 
cow-dung. In such houses disinfection should be done 
either by carbohc acid, izal, zondo or such other coal-tar 
derivatives. 

Disinfection of the House. 

The choice of method depends largely on the character of 
the house to be disinfected and on the nature of the disease 
for which disinfection is required. In the absence of any 
contra-indication, a gaseous disinfectant can be used, either 
formalin, chlorine, or sulphur. Should, however, obvious 
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impediments exist to tlie use of sucli, then sprays or washes 
may be employed, e.g., perchloride of mercury in a strength 
of 1 in 1,000 ; or formalin, strength 4 ounces to 1 gallon ; or 
•chloride of lime as a wash using a solution of the strength 
of 2 ounces to the pint of water. There are many forms 
of sprays on the market, e.g.. Defries’, Mackenzie’s, or 
Dobertson’s. When the disease is spread by insects, e.g., 
fleas or bugs, and gaseous disinfectants camiot be used, 
then one or other of the pulicidal emulsions mentioned 
above may be employed. 

Whatever agent is chosen and in whatever form it is 
applied, it is most important that no part of the house be 
overlooked. The staircase, privies and washing places must 
all be disinfected. If cloth ceilings exist, they should be 
removed and a careful search made for rats ; so also, every 
accumulation of lumber must be removed and any rats found 
destroyed. 

The furniture must be disinfected, horse-hair or leather 
articles may be washed or sprayed with formalin solution 
or perchloride of mercury. All articles of wood should be 
washed with soap and water, and in the case of wooden 
bedsteads, tables and chairs, pulicides can be freely used. 

All cooking and eating utensils of whatever nature must 
be carefully washed with soap and water and subsequently 
with izal or other suitable disinfectant in those cases where 
infection is likely to be conveyed by means of articles of 
food or drink. 

Disinfection op the Clothing. 

All clothing and bedding which has been exposed even 
remotely to infection must be collected and a duplicate list 
thereof made ; one copy is to be given to the householder 
and the other retained by the Inspector. Should any clothing 
or bedding be in a damaged condition, careful note should 
be recorded of the fact. Concealment of infected clothing 
must be guarded against. When collected, the articles should 
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be removed to tbe disinfection station in a covered vehicle 
before the disinfection of the house is commenced. At the 
station they are disinfected by steam, when such an agent 
is permissible. In some towns blankets are not subjected 
to steam, on account of the tendency of that agent to alter 
their texture and colour, but instead they are placed in a 
disinfectant fluid. Articles of but little value may be destroyed 
after obtaining the owner’s consent in writing. After disin- 
fection, the clothing, etc., is brought back in a vehicle which 
must always be reserved for disinfected clothing only. The 
Inspector should obtain a receipt froih the owner for the 
return of the clothing and also a statement as to the condition 
in which it has been returned : any neglect of this precaution 
may result in claims for damages, imaginary or real, being 
sent in at a later date. This, therefore, should never be' 
omitted. 

Personal underclothing may be similarly treated. Other 
articles of clothing may be exposed to formalin vapour or 
spray. Washing suits should be placed in one or other of 
the above disinfecting solutions, subsequently boiled and then 
exposed to the sunlight. BlanJcets should not be boiled. 

Disinfection of othee miscellaneous aetioles. 

Boots and other leather goods, furs, rubber goods, silk s^ 
brushes, combs, and feathers may be removed to the station 
and there treated wdth formalin vapour or a spray of 
formalin 2 per cent. Books, if of httle value, may, by 
consent of the owner, he burned ; hut if it is desired to 
retain them, then, they can be treated with formalin 
vaponr. This is usually carried out in a cupboard com- 
partment, in which books are disposed on shelves of perforated 
zinc gauze in such a manner that the pages are opened out, 
or the books may be suspended on wires from the top of the 
chamber. Pumigation should be carried out for two or 
three hours. Kister and Trautman recommend a method 
wdiich is carried out as follows : the books are placed in a 
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steam disinfecting apparatus fitted with a vacuum producing 
arrangement^ formalin is placed in a vaporiser at a point 
in the oven most distant from the vacuum apparatus, and 
as the pressure inside the oven is reduced, formic aldehyde 
and steam are liberated at about 80° C : this is continuously 
sucked through the apparatus for thirty minutes, the books 
being so arranged as to be covered by the vapours. 

In districts where no public disinfecting stations exist, 
•disinfection may be carried out by means of portable small 
disinfectors (steam), which visit the houses where the process 
is to be carried out. If no such disinfector is available, other 
measures must be adopted. Mattresses, if badly soiled, 
should be burned, sheets should be soaked in izal, 1 in 400, 
or carbolic acid 5 per cent, or cyllin 1 in 320 for 1 to 2 
hours, and then boiled and washed in soap and water. 
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Insteuctions to the Disinfecting Staff in Bombay, 
Inspectors in cliarge of disinfecting plant should exercise* 
great vigilance in seeing that the correct temperature is main- 
tained and that sterilised articles are not allowed to re-enter- 
the room reserved for infected articles. For this reason most 
sterilisers have two doors opening into separate rooms and 
these rooms must never be considered to be interchangeable 
and there should be no direct communication between them,. 
Further, separate vans must be kept for infected and dis- 
infected articles. A mistake to be carefully guarded against 
is the habit of packing too many articles in the apparatus, 
at one time, with the result that some of the articles are so 
closely wedged that it is practically impossible for the steam 
to penetrate the interstices, the dismfection thus remaining- 
un-afX'oniplished ; the articles should be comparatively 
loosely i>acked. If, for one reason or another, the 

Inspector on visiting a house is not able to wait for the 
arrival of the disinfecting gang, or the infected clothing van, 
he should arrange for a preliminary dismfection of the 
clothing on the spot. For this purpose he should carry 
pexchloride of mercury tablets and personally see that such 
articles as sheets, handkerchieves, night-clothes, etc., which 
have been soiled, are immersed in a solution of this 
disinfectant, while awaiting the arrival of the van. In the- 
presence of a serious epidemic of Cholera, etc., this is a. 
valuable safeguard, as it lessens the chances of the articles 
being handled by the inmates and also of flies becoming- 
the means of disseminating the disease, as, if the outbreak is 
of serious extent, many hours must of necessity elapse before 
the van arrives. A further point, which should never be 
omitted, is to see whether a well exists *on the premises ; if 
so, and the disease is a water-borne one, precautionary dis- 
infection of the well should be done by the Permanganate 
process (see p. 945) Disinfection of the water taps also- 
should be carried out as a routine practice, since infected 
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clotliing is frequently placed on one tap wliile washing is 
carried out at another. 

In regard to the privies , the Inspector should see that not 
only the seat, floor and walls are disinfected, but also, if the 
privy be of the common basket type, the receptacle and its 
contents, if the disease for which disinfection is being carried 
on, is one in which the excreta are lilrely to convey infection, 
e.g. Cholera, Typhoid, etc. By this means the risk of convey- 
ance by the agency of flies is lessened. Izal 1 in 200, carbolic 
acid 1 in 10, or cyllin I in 160 or cresol solution 2^- per cent, 
may be used for the purpose. This is an important point 
which should never be overlooked. EinaUy, the Inspector in 
carrying out disinfection of a house should always exercise tact 
and discretion, remembering that at the best the process is 
one which involves some degree of discomfort to the occupants. 
He should see that no wanton damage is done and, as far as 
possible, study the convenience of the occupants never, 
however, permitting this to conduce to an imperfect dis- 
infection. Very often a few words, indicative of his object 
and the scope of his intended operations, will serve to allay 
any spirit of opposition that may be evinced and should 
they not do so, the Inspector has always the support of the 
law to fall back upon. This he should not put in force himself, 
but report to his superior officer and await further instructions. 

Disinfection for Cholera. 

1. Inspector must ascertain in every case whether all the personal 
clothing worn by the patient and all the bedding and any articles of attire, 
which may have been soiled by vomited matter or fsecal discharges, has 
been collected and dealt with by the District Registrar or his staff on his 
preliminary visit. The District Registrar has instructions to immerse all 
such articles in perchloride solution pending the arrival of the disinfecting 
staff. The Disinfecting Sub-Inspector must remove all infected clothing 
for steam sterilization. 

N.B . — It is of the utmost importance that no infected article be over- 
looked and it will be considered a very serious neglect of duty if any instance 
of such is detected. 

2. All water taps must be carefully washed with freshly prepared, per- 
manganate solution and the water allowed to flow freely for a few minutes 
afterwards. 



m 


Sanitation in India. 


3. Careful searcli must be made to see if atiy well exists in the premises 
if so, it must be treated with permanganate solution. 

4. Er.mj frimj seat should be carefully scrubbed with a brush, using 
plenty of water with some izal solution in it. The walls and floor of the 
privy must also be well washed with the same solution. If necessary, 
peslerine may be applied subsequently. 

5. As far as possible ail drinking utensils, plates, knives, &c., and all 
chatties should be well washed in a solution of izal and subsequently washed 
in clean tap w’ater. 

6. The rooms should be carefully swept (after removing all furniture) 
and then disinfected with perchloride solution or izal. The furniture should 
be well rubbed with a cloth soaked in izal solution, and any table or article 
of furniture that will permit w'ashing should be so treated. 

7. The members of the family should be informed that it is essential 
to observe the greatest strictness in regard to cleanliness of their hands and 
utensils when taking food. All excreta from patients must be treated 
with the disinfectant supplied. 

8. The privy bed and receptacle and also the trap door, if present, and 
the walls should be most carefully cleansed under the personal supervision 
of the Sub-In.spector. After thorough cleansing, the whole trap should be 
treated with pestedne. The object of so doing is to lessen the risk of 
conveyance of the disease by the agency of flies ; and it is most important 
that the work be carried out in a conscientious and thorough manner. 
This procedure must be carried out in the case of Typhoid Fever also. 
Printed instructions on the prevention of the disease should be given to 
the relatives. 

Disinfection for Typhoid or Enteric Fever. 

Typhoid Fever or Enteric Fever is conveyed by tlie inges- 
tion of some article of food or drink, wkich. has become in- 
fected with the Typhoid bacillus. Water, millc, vegetables, 
shell-fish, ice-cream, etc., etc., may all serve as media for the 
bacillus to retain its infective character. Flies have been 
proved to convey the germs of Enteric and other diseases to 
food, and a frequent source of contamination is the eating 
of food without preliminary washing of the hands after 
contact with a patient suffering from Typhoid or with infected 
clothing. 

It is most important therefore, that the Inspector should 
faithfully carry out the following rules ; — 

1. All infected or soiled personal linen, etc., and bed-clotlies should 
be at once placed in a solution of izal fluid 1 in 200 and allowed 
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to remain there until the disinfection of the house is completed. 
On completion, the clothes should he removed to the van and 
taken to the steam sterilizer. 

2. The mattress (if any) should be removed to the steam sterilizer. 

3. The walls, floor, door and seat of the privy should be thoroughly 

washed with izal solution. This must he done most carefully 
and thoroughly, as the risk of infection being conveyed in this 
way is considerable. 

4. It is specially important that all utensils used by the patient for 

eating or drinking should be thoroughly washed in izal fluid 
and then in pure clean water. 

5. The walls, floors and ceiling of the room or rooms should be washed 

with perchloride of mercury solution, or izal, care being taken 
to prevent dust rising and thereby increasing the risk of the 
disinfecting gang contracting the disease. 

6. All water taps should be carefully washed with freshly prepared 

permanganate solution and the water allowed to flow freely 
for a few minutes afterwards. 

7. Careful search should be made to see if any well exists on the 

premises. If so, then it must be thoroughly treated with per- 
manganate of iDotash solution. 

8. If the privy is on the basket system, the Disinfecting Sub-Inspector 

must make arrangements for the complete disinfection of the 
iron receptacle with izal and the thorough cleansing of the privy 
trap and trap door. This shoxild be done under his personal 
supervision to lessen the risk of conveyance of infection by 
flies. After thorough cleansing, the whole trap should be 
treated with pesterine. 

iV.B. — This procedure must be carried out in the case of disinfection for 
Cholera also. Printed instractions should be given to the 
relatives. 


Su^2^Umentary Order. 

As there still ajjpears to be some doubt about the procedure in 
regard to disinfection of the clothing of Cholera patients, the attention of 
the District Registrars is once more drawn to the necessity of their carrying 
a small bottle of perchloride tabloids with them. (An empty Burroitghs 
and Welcome quinine bottle is handy and compact in Avhich to carry them.) 

On reaching the patient’s house, allinfected clotliing should be immersed 
in a solution of perchloride, not sprinkled with it. This is merely to safe- 
guard against the spread of infection, while w'aiting for the infected clothing 
van to come along and remove the clothes for steam disiirfection. It is 
not meant to replace the latter. This must occur as usual. 

61 
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Disinfection for Small-pox. 

{sSee ‘ Disinfection hy Sulphur Dioxide’, supra). 

1. It is impoj’tant that every article of personal clothing and bedding 
be very thormighly disinfected. No article which has been in contact 
with the patierrt should be overlooked. 

2. Any articles of furniture which can be washed should be thoroughly 
washed with soaji and -waier and afterwards well rubbed with a cloth 
soaked in izal solution and finally rubbed with a dry and clean cloth. 

3. All carpets, rugs, etc., should be removed to the steam sterilizer 
for disinfection. 

4. The floor, walls, doors and ceilmg should be well scrubbed, using a 
solution of pendiloride of inereuiy or izal solution. 

5. The privy seats, walls and doors should be vvell washed with water 
and then scrubbed with a brush, using perchloride of mercury solution 
or izal to disinfect with. 

fi. All utensils used by the patients for eating and drinking must be 
carefully washed in a .solution of izal and subsequently in pure v'ater. 

7. The beilstead (if any has been used) should be disinfected as far as 
po.ssil)lo. If made of wood, it should be wiped thoroughly with a cloth 
soaked in perchloride solution ; if of iron, then izal solution should 
be used. 

8. (Ml no account should the keeping of the crusts of old small-pox 
pustule-i be pei'initted. If found, the Inspector should at once destroy 
them by lire or hy strong izal .solution. Contacts .should be re-vaccinated 
and printed instructions should be given to relatives. 

Disinfection for Phthisis. 

As fill’ <ts our present knowledge goes, the two main 
cliaunels b_y hdiicli Phthisis is spread are (^) milk and (ii) the 
inhalatioji of infective dust containing Tubercle bacilli from 
the expectoration of an infected person. 

In disinfecting for Phthisis, therefore, it is very important 
that a.s little dust he stirred up as possible. 

1. All the walls, the coiling and the floor should be carefully swept 
with a brush, round the end of which should be wrapped a cloth well soaked 
in perchloride solution. It is very necessary that this cloth be damp 
as otherwise^ much du.st will be disturbed and the risk of the disease being 
contracted hy the staff thereby greatly increased. 
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2. Having removed the bulk of the dust in this manner, the walls, 
ceiling and the floor should be thoroughly disinfected by the application 
of perchloride solution or izal. 

3. The furniture should be Aviped over with a clothsoaked in perchloride 
or izal solution. Any article that can be washed without harm should 
be so dealt with. 

4. Any handkerchief or rag, etc., soiled by expectoration should, with 
the consent of the o%\mer, be destroyed by fire ; failing the necessary con- 
sent, the Inspector should disinfect it by izal solution first and subsequently 
by steam. 

5. All personal clothing, bedding, etc,, used by the patient should be 
removed at once for steam sterilization. 

6. As privies are often fouled by expectoration, they should be care- 
fully disinfected with izal solution and subsequently well flushed with water 
and finally pesterined. The floor, door, walls and seat should all be 
disinfected. 

7. It is most important that no dust (in whatever position it may be 
in the room) bo overlooked as the Tubercle bacillus, the active cause of the 
disease, will live for a long time in dust and is capable of spreading the 
disease. 

Leaflets on the prevention of Tuberculosis should be given to relatives. 

* Disinfection of Railway Carriages. 

Disinfection of a railwaj^ carriage is done whenever a 
compartment is occupied by a person suffering from any of 
the Contagious or Infectious Diseases scheduled under the 
Railway Act. Similarly disinfestation is sometimes necessary 
to destroy bugs and other insects and cockroaches and ants, 
in the kitchens of restaurant cars. 

Disinfection is carried out by primary fumigation with 
formaldehyde gas, after the usual precautions as regards 
closing the doors and windows and pasting paper on the 
chinlis, etc., have been observed. The gas is generated by the 
formaline permanganate process (see page 936). The 
duration of exposure to the gas is 3 hours after which the 

* We are indebted to the Principal Medical Officer of the G. I. P., 
Railways for the information regarding the metJiod of disinfeetioa 
and disinfestation of railway carriages. 
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doors and windows are opened and the carriage thoroughly 
ventilated. Subsequent to this, carpets, upholstered seats 
and back-rests, if removable, are taken from the car, washed 
with a disinfectant solution and exposed to the sun for several 
hours. Places which are badly contaminated with infective 
discharges are saturated with formaline solution 1 in 20. 
Floor sweepings are burnt and the floors then mopped or 
scrubbed with a disinfectant solution. Similarly door-knobs 
and other surfaces handled by the patient or soiled with 
discharges are wiped with the disinfectant solution. Special 
attention is paid to water-closets and bath rooms which are 
also treated w’ith the disinfectant fluid. 



Glen Listen Appakatus fok Generating HCN Gas. 

Disinfestation is carried out by fumigation of the carriage 
with HCIST gas. The machine used for the purpose was 
devised by Col. Glen Liston and has been in use for over 20 


Disiotectiojt of Eailway Caeriages. 


865 


years. It is kept in the open air and is connected by means 
of inlet and outlet pipes, with the carriage which is rendered 
air-tight. The gas is generated by mixing dil. Sulphuric 
Acid and Pot. Cyanide Solution which are run separately 
into a generating box in the machine. The gas, as it is 
evolved, gets diluted with air which is drawn from the 
carriage by a fan through an inlet pipe and is driven back 
along the outlet pipes into the carriage. As more gas is 
generated, more air is withdrawn from the compartment 
into the machine and this air after taking more gas is passed 
through the fan along the outlet pipe, back into the carriage. 
The mixture of air and gas in the carriage is thus contin- 
uously circulated through the machine and gas is added to 
the air until the desired concentration has been obtained. 
This takes usually 45 minutes. After this, the fan is stopped 
and the carriage is allowed to stand for four hours before the 
doors and windows are 023ened. From tlic time of opening 
the doors and windows, a period of about 12 hours is 
allowed to pass before any one enters the carriage. 

The method is absolutely safe and reliable and if all 
connections are proi)erly made air-tight, there should be 
no smell of HCN gas round about the carriage. 
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CHAPTEE XI. 

Dangerous, Offensive and Other Trades. 

A Sanitary Inspector may at any time be called nporr 
to submit a report on a particular trade proposed to be 
established, or perhaps already established. This necessitates 
that not only he should know the main processes the articles 
are subjected to, but also that he should possess a sound 
j'udgment and the power of accurate observation. 

It may be, and in Bombay frequently it is the case, that 
a complaint in regard to an alleged offensive trade is based 
on personal animus or rivalry only, and has no foimdation 
in fact ; but however obvious it may appear to the Inspector 
that such is the case, he should in every instance go in and 
inspect the works and make sure from personal observation 
that there is no reasonable ground for complaint, before 
dismissing the complaint as one due to personal feeling. 

On the other hand, the Inspector must not be misled as 
to the true nature and results of any particular trade 
carried on in his own district by the absence of any complaints 
from residents in the vicinity, for, as pointed out by Ballard, 
several factors may account for the quiescence of such 
residents. For instance, it may well be that the majority of 
residents in the neighbourhood of any suspected works are 
employed in those very works and refrain from complaining 
from fear of discharge on the information leaking out. The 
social position of the individual w^hose 'works are causing a 
nuisance may stave off comjilaint, so also may neighbourly 
feeling influence those most concerned. Further, it must be 
remembered that constant exp)osure to trade effluvia is apt 
to render them less sensitive to their influence and, again, 
in a neighbourhood, where many works of a similar nature 
are carried on, it may he diflfloult for the person annoyed to 
definitely locate the source, and consequently he abstains 
from making a complaint. 
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As a rule, the most offensive effluvia are those given off 
in processes in which the materials used consist mainly of 
animal matter, e.g., the manufacture of artificial manures, 
gut cleaning and scraping, and the preparation of sausage 
.skins and the melting of fat. 

Certain processes dealing with vegetable substances can 
also be very objectionable, e.g., the boiling of linseed oil, the 
manufacture of palmitic acid from cotton seed and palm 
oil. 

Ballard, in his report to the Local Government Board, 
points out that the extent to which trade nuisances spread 
and their degree of intensity are influenced by many factors. 
In regard to the first point, this may vary from a few yards 
to several miles, and is influenced chiefly by (1) the nature of 
the effluvia. — If the effluvium consists of vapours of high 
density and but little diffusive capacity, it does not so readily 
travel to a distance, as would be the case if it were of less density 
and greater diffusive capacity ; but at the same time, it must 
be remembered that the very fact of more ready diffusibility 
means attenuation of the nuisance if the area affected by the 
effluvium is extended ; (2) height of discharge of the effluvium. 
— If near the ground level, nuisance is more likely to be 
caused in the immediate neighbourhood than at a distance ; 
fS) nature of surroundviigs of the ivorTcs. — ^If tliis be open 
country, where there is perhaps nothing to impede the free 
passage of vapours, they may be a source of nuisance to 
people one or two miles away, even though the vapours be 
discharged close to ground level, whereas similar vapours 
similarly discharged in a town, or in a place where their 
free passage through the air is obstructed by buildings or 
other objects, may give offence only to persons residing 
within the limits of those buildings or of other obstacles ; 
(4) atmospheric conditions. — ^The amount of moisture in the 
air and the force and direction of the wind and also the 
temperature of the air modify the distance to which effluvia 
will travel and their intensity. When the air is saturated 
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with, moisture and there is Little or no wind, effluvia will 
hang about the immediate neighbourhood, even if discharged 
at some height. In clear weather, when there is little or no 
excess of moisture in the air, the effluvia will readily pass to a 
distance and be perceptible in the direction in which the air 
is moving. In a still atmosphere, the effluvia, if discharged 
at a low level, hang and difiuse themselves about the wmrks, 
but if discharged at a high elevation from a chimney, they 
tend to rise to a still higher level with the heated column of 
air, and may there meet with a current of air which will 
drive them in some particular direction, and, before they 
finally reach groiiinl level again, they have become greatly 
attenuated by diffusion and are therefore less likely to cause 
nuisance. 

A steady, high wind, especially if moist, may carry 
effluvia in a more or less intense form to a considerable 
distance. 

Atmospheric tempmatiire also exercises an influence. 
High atmos])heric temperature favours rapid decomposition 
of organic matter and consecpiently effluvia are given ofi 
readily, the presence of which is felt more in such weather. 
In connection uith trade-efflnvium-nnisances one of the 
mo.st difficult questions to determine is to wdiat extent, if 
any, such effluvia are injurious to health. If in connection 
with any trade the .statement is made that it is a nuisance or 
injurious to health, it may mean, to quote Ballard again, 
“ tliat exposui'c to the offensive effluvia causes bodily 
discomfort or otlier functional disturbance continuing or 
recurring as the exposm-e continues or recurs, and tending 
by continuance or rejictition to constitute, though perhaps 
not a clearly defined form of disease, an appreciable impair- 
ment of general health and strength. Such a definition is 
applicable to those cases in which fimctional disturbances 
unquestionably arise as the result of the impression made 
by the offensive effluvia on the senses. The results may 
include loss of appetite, nausea, vomiting, diarrhoea. 
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headaclie, giddiness, faintness and a general sense of malaise 
and depression. Or, on tlie other hand, it may mean that 
persons exposed to the effluvia are more deeply and per- 
manently damaged in health, that their lives are shortened 
or pursued in chronic ailment, and that they are more liable 
than other people to the invasion of definite forms of 
disease, or that diseases with them are liable to run a less 
favourable course than with other people.” 

This definition includes deeper and more serious distur- 
bance to health and includes workers in lead, phosphorus, 
arsenic, and those working in atmospheres largely charged with 
the vapours of sulphuretted hydrogen, chlorine and carbonic 
acid, or with the exhalations from decomposing organic 
matters. 

Trade effluvia form an element of the atmospheric 
insalubrity of towns. Definite chemical substances, whose 
vapour is irritant or jioisonous, are unquestionably dangerous 
and it is fallacious to impute disinfecting qualities to them. 
Effluvia of septic origin are unwholesome. 

The interjiretation of the word ‘ nuisance ’ has similarly 
given rise to much controversy. 

Classification, Causes and Prevention op Nuisance. 

(a) Classification. — ^Nuisances in a legal sense are of 
two kinds : (1) nuisances at cmnmon law, (2) statiiforg nuisances. 
Sanitary authorities are concerned with the latter variety 
only. 

Winter Blythe defines a ‘ statutory nuisance ’ under the 
Public Health Acts as somethuig which either actually 
injures or is likely to injure health, and admits of a remedy 
either by the individual whose act or omission caused the 
nuisance or by the local authority. As now read, the idea of 
a nuisance embraces future as well as present consequences. 

• At common law, a nuisance may be either jpublic or 
private, or a mixture of both. Mr, Justice Stephens defines a 
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‘ public nuisance ’ as an act not warranted by law, or an 
omission to discliarge a legal duty, wliicli act or omission 
obstructs or causes inconvenience or damage to the public in 
the exercise of rights common to all His Majesty’s subjects. 
A ‘ private nuisance ’ be defines as anything done to interfere 
with the proprietary rights of another in land not amounting 
to a trespass. 

The London Public Health Act extends the definition of 
nuisance, making it include not only that which is injurious 
to health but also that which is dangerous to health. 

As defined in Bombay Act. Ill of 1888, a nuisance includes 
“any act, omission, place or thing which causes, or is likely 
to cause, injury, danger, annoyance or offence to the sense 
of sight, smelling or hearing, or which is, or may be, dangerous 
to life or injurious to health or property. ” 

Ballard in his report adopted a classification of the 
various trades which may give rise to nuisance or be dangerous 
to health, and that classification is the one most usually 
followed on account of its simplicity. It is as follows : — 

(1) The keeping of animals. (2) The slaughtering of 
animals. (3) Branches of industry in which the matters 
dealt witli are of {a) animal origin, (&) vegetable, (c) mineral, 
or {d) of mixed animal, vegetable and mineral origin. 

( h ) Causes. — ^In dealing with offensive trades, it may be 
considered that should a nuisance arise, it is due to one or 
other of the following causes or to a combination thereof ; — 

1. The use of buildings unsuited structurally for the 
purpose. 

2. An untidy or filthy condition of the premises and 
utensils. 

3. An improper method of receiving or disposing of 
offensive materials used in the trade. 

4. An improper mode of storing ofi'ensive materials or 
products on the premises. 
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5. Eemoval from the premises of filthy material in 
improper receptacles. 

6. The escape of offensive gases or vapours generated 
during some part or parts of the processes carried on, and 
their passage into the atmosphere surrounding the works. 

(c) Prevention. — ^There are certain general princijfies of 
prevention of nuisances which are applicable more or less 
to all these trades, and, to avoid needless repetition later on, 
they may be stated at this stage. 

1. Such structural and working arrangements should be 
made as will tend not only to prevent defilement but also 
assist cleansing, and those parts of the premises liable to 
become dirty or encrusted with filth or decomposable matter 
and all utensils used in the trade must be regularly cleaned. 

2. Offensive matters necessary for use in the business 
must be brought into the premises either in covered imper- 
vious vessels, or covered up in such a manner that they 
shall not be a source of effluvium-nuisance during transit. 
Offensive products should be similarly removed from the 
premises. 

3. Offensive materials and products of the business should 
either be stored in impervious vessels, or in a closed chamber 
ventilated if necessary. 

4. All filth should be collected in impervious covered 
vessels and removed from the premises daily. 

5. Solid offensive matters should be separated from fluid 
as far as practicable, and each disposed of in its ovm appro- 
priate manner, the solids being removed in covered vessels 
and the liquids being run into drains. Deodorants may 
sometimes be used with advantage. 

6. Where the evolution of offensive gases or vapours 
is not avoidable, they must be intercepted in their passage 
to the external air and dealt with in such manner as to 
destroy their offensive character. 
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One method of interception consists in arrangements for 
drawing ol! in a continuous maimer the air of the entire 
chamber or workshop in which the effluvia are evolved. 
When so drawn off or collected they may, according to their 
nature, be dealt with in one of the folio wdng methods : — 

1. They may be discharged into the atmosphere at such 
an elevation as will ensure their being so dilute before reach- 
ing ground level again as to be comparatively inoffensive. 

2. If the evolved matters be condensable by cold, they 
may be passed through an appropriate condensing apparatus. 

H. If soluble in water or other liquid, they may be so 
treated. 

4. Certain solid substances with which the effluvia may 
hfivo chemicial affinity may be used. 

5. If the evolved matters are combustible, they may be 
burned. 

Nuisances Artsinu from the Keeping of Animals. 

The law clearly recognises the fact that animals may not be 
so kept as to be a nuisance or injurious to health. In the 
Public Health Act, England, 1875, Section 91, certain 
statutory nuisances are defined which may be dealt with 
.summarily. Among these occurs the following Any ani- 
mals so kept as to be a nuisance or injurious to health.’'" 
In the Bombay Act III of 1888, section 384, sub-section (1), 
clause (b), we find ‘no person shall keep any animals on his 
premises so as to be a nuisance or dangerous to any person.” 

Nuisance naturally occurs chiefly where the population 
is aggregated, and it is more likely to be serious in character 
where such is dense than Avhere it is sparse, but it is not solely 
in such circumstances that nuisance may arise ; a solitary 
animal badly kept in or near an isolated house may have an 
injurious influence on the inhabitants of that house. 
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The rimsance is at its maxinnim intensity, perhaps, when 
in a close passage or blind alley in a densely populated area, 
several stables badly constructed and cleansed are permitted 
to be erected. In such places one may notice a persistent 
ammoniacal odour which may be perceptible at some distance. 
In Bombay it was a common practice to construct horse 
stables on the ground floor of dwelling houses. In many 
instances the syce, his family and relatives lived in the 
stable, constructing a dwelling place either by partitioning 
ofl a part of the stable or by constructing a loft on bamboo 
supports. The great majority of these stables were badly 
lighted and ventilated. In regard to cows and buffaloes, a 
usual practice was to have the animal in one of the dwelling 
rooms or in the chowk or ventilating shaft of the house. 
Another favourite place was under the stairs. 

Now, as in all houses the staircase, and central cJioioh 
where such exists, form the main channel for the circulation 
of air inside the house, it is obvious that the rooms abutting 
on these ventilating shafts must derive their air from vitiated 
sources, more especially seeing that in practically every 
instance the cubic and floor area available for each animal is 
grossly insafficient, the lighting bad and drainage totally 
absent. Add to this the fact that gross overcrowding of 
human beings generally exists in the same house and the 
magnitude of the evil is at once apparent. 

In regard to horse stables imder dwelling rooms, as 
usually constructed, whatever effluvia arise from the stable 
they find their way into the residential parts above. Their 
passage upwards is facilitated in some instances by the stair- 
case leading to the upper rooms being in more or less direct 
communication with the stable, but even where this is not 
the case and there is an entrance separate from the stable, 
the pervading stable odour may still penetrate to the rooms 
above, either through cracks in the ceiling or imperfections 
in the brick work or wooden work of the structure itself. 
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The effluvium-nuisances resulting from the keeping of 
animals proceed mainly from fermenting solid and liquid 
filth in the stable due to neglect of proper cleansing, from 
the too protracted use of dirty and sodden litter, from the 
soaking of urine and exoremental matter into the floor as. 
the result of its bad construction or of deficient or inefficient 
arrangements for drainage. Further, the disturbance of 
neglected heaps of manure and their cartage through the 
streets, and the exhalations from the animal's lungs and skin 
and, in some instances, from diseased surfaces are also sources- 
of possible nuisance. Experiments have been made re- 
peatedly and the results show the necessity for good ventila- 
tion in stables, if the air is not to become grossly vitiated and 
their presence a source of nuisance to the neighbourhood.. 
Obviously, when otherwise, such stables must exercise a most 
harmful effect on the neighbours and much more so on those 
people living in the stable itself, not only on account of tho 
direct effects of contaminated air on themselves, but also the' 
indirect ones on their food which is stored and cooked there. 

Apart from such stables being a source of nuisance and 
danger by reason of offensive effluvia, we must remember 
that one of the principal breeding places of flies is horse- 
litter, and in a city in which the open basket system of con- 
servancy obtains in some places the risk of Cholera and 
Typhoid being spread by their agency is by no means 
negligible. Further, old stables are often riddled beneath by 
rat runs and, where these communicate with adjoining houses^ 
they not only serve as a channel for the introduction of 
concentrated effluvium, but also of rats and thereby add to 
the chance of the inmates contracting Plague. To obviate 
the danger, tlie following section has been added to the 
Municipal Act : — 

384A. Where a building or any portion thereof is used 
or intended to be used for human habitation and any portion 
of such building is used for any of the following purposes, 
namely, 



Nuisance — Keeping of Pigs. 


975 


(a) for keeping any horse, cow, buffalo, bullock, goat or 
donkey, or 

(b) as a godomi or place for the storage, in connection 
with, wholesale trade, of grain, seed or groceries, 
the Commissioner may, if it shall appear to him 
necessary for sanitary reasons to do so, by written 
notice require the owner or occupier of such building 
to discontinue the use of such building for any such 
purpose : provided that the Commissioner may 
permit such use subject to such conditions as he 
may think fit to prescribe. , 

In improperly drained stables, the possibility of breeding 
mosquitoes must not be overlooked. 

For summary of By-laws relating to Horse, Cattle and 
Milch Cattle Stables, Vide Chapter I, pages 61 to 61. 

The Keeping of Pigs. 

The nuisance which may arise from this cause is so great 
as to call for special legislation, and one finds that the Public 
Health Act, England, 1876, section 47, states that pigs must 
not be kept in towns so as to be a nuisance ; and the Public 
Health Act, London, 1891, section 17, prohibits pigs being 
kept in the Metropolis, so as to be either a nuisance or within 
40 feet of a street. 

The Bombay Act 3 of 1888, section 384, sub-section (1), 
clause (a), states that no person shall without the written 
permission of the Commissioner, or otherwuse than in 
conformity wnth the terms of such permission, keep any 
swine in any part of the city; and the same section, sub-section 
(2), says that any swine found straying may be forthwith 
destroyed and the carcass thereof disposed of as the Commis- 
sioner shall direct, and no claim for compensation shall lie 
for any swine so destroyed. 

The ofiensive odour from ill-constructed and badly kept 
piggeries is caj)able of travelling very- considerable distances 
with the wind. The manner of preparation and storage of 
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the food for pigs may be a source of nuisance. It is excep- 
tional to feed pigs upon sweet food ; they are generally given 
refuse material of ail sorts in which frequently fermentation 
has already commenced. If, as is sometimes done, this food 
is boiled, a greater nuisance than ever may arise. 

In every case pig-sties should be situated at a 
considerable distance from any dwelling house, and not 
nearer than 100 feet from any well, spring, or stream of 
water used or likely to be used by man for drinking purposes 
or for domestic purposes, or otherwise in such a position as to 
render any such water liable to pollution. 

The sty should have a smooth impervious floor of 
concrete or of Indian patent stone, properly sloped and 
provided with channels leading to a trapped drain inlet. If 
walls are built, they should be of brick or masonry rendered 
smooth inside with cement or patent stone so as to permit of 
being readily washed. The sty should be provided with a 
roof whicli, if resting directly upon the walls, should have a 
window in it to provide light and facilitate cleansing. 

Under no circumstances must woodwork be permitted 
in situations where it is liable even to the slightest 
pollution. The sty should be washed regularly once a day 
at least. If proper attention is paid to the construction and 
the cleanliness of pig-sties, there is no reason why pigs cannot 
be kept without becoming a nuisance. On the other hand, if 
there is neglect their presence becomes intolerable. 

Slaughter Houses. 

Slaughter-houses for killing cattle for food have been in 
existence in India from its earliest days. The ancient Aryans 
had slaughter-houses where cows and buffaloes and bulls 
were killed, but no description of the situation and con- 
struction of a slaughter-house or of the conditions under which 
they existed in those primitive times is available. They 
were said to be in the open country away from dwelling 
houses. Centuries have done nothing, however, to improve 
their conditions and so we find the practice of killing cattle 
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in villages and even in small provincial towns in tlie open or 
at best in an open sited. In Presidency and otber large 
towns, Municipalities bave provided slaughter-bouses, but 
they are far below the modern standards of public abattoirs 
in the European continent and British Isles, and they are not 
laid out and constructed on proper sanitary basis. 

The site for the location of a slaughter-yard and house 
must be carefully selected. It should be situated on slightly 
elevated land for facilitation of drainage and outside the 
town, though not very far away for convenience of transport 
of meat to the markets in the town. It would be advan- 
tageous to have the site for a slaughter-house situated within 
short distance of a railway line or a harbour to which it 
should be connected so that the animals may be brought 
directly into the slaughter-yard. The prevailing wind must 
be duly considered. Further, the locality must be such 
that the slaughtering of animals should be visible to 
none except to those who are carrying on the work, and 
the noises of cattle audible to as few as possible. All 
public abattoirs should be under the control of Municipal 
authorities ; there should be, as far as possible, no private 
slaughter-houses ; all facilities and conveniences should be 
extended to butchers and cattle dealers ; in the event of a 
butchers’ guild or company wishing to establish a slaughter- 
house, permission may be granted, provided they give the 
requisite guarantee for the judicious management of the 
same and are answerable to local authority. The advantages 
to the public from the provision of slaughter-houses main- 
tained under the control and supervision of Corporations are 
many. (1) Meat injurious to health is prevented from being 
offered for sale. All meat unfit for food is destroyed ; and 
meat of doubtful quality, but not unfit may be offered for 
sale after “declaration of quality.” (2) In properly con- 
structed slaughter-houses, fitted with the newest machines 
and appliances, slaughtering is conducted with cleanliness and 
expedition. It is also convenient and cheaper for licensed 


62 


978 


Sanitation in India. 


butchers to kill their animals at such slaughter-houses and it 
inspires confidence in the public to patronise such butchers. 
(3) The pollution of earth, water and air, and in India of the 
meat, caused by careless management in private slaughter- 
houses is entirely removed. (4) The torture of animals is 
done away with as the necessary apparatus and arrangements 
for the stunning and stupefaction of animals are provided. 
(5) The animals brought for slaughter are regularly inspected, 
while those suffering from infectious diseases are killed and 
their bodies destroyed by incineration. Thus the spread of 
infectious disease among animals is efficiently prevented. 
The condemned meat is also destroyed. In connection with 
slaugbter-houses there should be a spacious cattle yard, 
where animals may be purchased by butchers from cattle 
dealers. The yard should, if possible, be covered over with 
turf and provision made for the conservancy of the same 
and daily removal of all refuse and dung, Lairage accom- 
modation in properly constructed sheds should be provided, 
where animals may have rest before slaughter, as only after 
sufficient rest of the body they furnish sound and normal 
meat ; it is well-known that fatigue impoverishes the meat. 
The lairage stalls or pens should not be too large, so that in 
case of infectious disease the infection may be limited and 
disinfection rendered more easy. It is, therefore, necessary 
that the floors of the lairage stalls should be properly paved 
and made water-tight and drained. The walls, too, should 
be rendered smooth and non-absorbent, impervious to a 
sufficient height above the height of the animals, and the 
comers rounded off. No animal with any suspicion 
of infectious disease should be allowed into the cattle 
yard or the lairs. Sufficiently large and commodious 
inspection-sheds should be provided. They may be open on 
all sides, but should be properly paved and drained. 

In connection with the inspection-sheds, there should be 
a properly equipped laboratory. The cattle yard, inspection- 
sheds, lairage-sheds and waiting-pens should be entirely 
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divided off by a Ligli masonry wall from tbe slaughter-house 
proper, so that the animals awaiting slaughter may not 
witness the slaughtering of their comrades. In many 
slaughter-houses, the waiting-pens are mere annexes whence 
the animals witness the slaughtering and, even on account of 
faulty drainage arrangements, blood of the slaughtered 
flows to their very noses. The animals awaiting slaughter 
should be spared, as far as possible, any contact with sight 
•or smell of the slaughter-house itself. 

There is another economic value in entirely keeping apart 
animals awaiting slaughter, as it appears to be a well- 
established fact that the flesh of an animal killed in a state 
of fear or excitement loses some of its palatable and market- 
able qualities ; above all, humanity demands that they should 
be spared the painful sights and cries. The common practice 
of depositing blood barrels, freshly removed hides or offal 
and refuse from slaughter-houses in close proximity to 
waiting pens should be strictly prohibited. 

In designing a slaughter house several points have 
to be duly considered. It should be sufficiently large 
and commodious to meet the special demands of the town 
population, whose needs it intends to supply. Slaughter- 
houses are built in different countries either under the 
separate or block system, the former also called French and 
the latter German, 

The first (French) is built on the principle of providing 
•each butcher with a room for himself in which to kill. These 
rooms lie on each side of a central passage which has a door 
at each end. Every small room has a door into this passage 
and another leading directly outside the abattoir. The 
•characteristic of the French system is that each building is 
isolated and surrounded by an open space. In the larger 
towns where butchers are divided into butchers proper and 
salesmen, this system . works very well ; it is the more ex- 
pensive of the two. In the block system (German), all 
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the buildings of a slaughter-house are under one roof or, if a 
little away from it, connected with it by covered passages. 
The block system is not suitable to India, as there will be no 
free air-space around the building. The separate system is 
the best adapted for this country. The buildings in the 
slaughter-yard must be arranged so as not merely to be 
suitable for the actual number of inhabitants in the town, 
but also with a view to their increase, so that extensions can 
easily be made. The slaughter-yard must therefore be 
extensive. The following principles were given for the 
erection of the public slaughter-house of Bromberg. The 
area of ground must be at least 6|- sq. ft. per inhabitant in 
towms of 3,000 inhabitants ; 5^ sq. ft. per inhabitant for 
towns of from 3,000 to 5,000 inhabitants ; 4-| sq. ft. per 
inhabitant for towns of from 5,000 to 7,000 ; 4 sq. ft. per 
inhabitant for towns of 7,000 and more. From 7,000 to 
10,000, 3'| sq. ft. ; 10,000 to 50,000 3 sq. ft. over this figure 
2| sq. ft. 

The abattoir or killing-house should be of solid, 
substantial material and should be up-to-date. The material 
used for the building, walls and floors must be durable and 
impervious and non-absorbent. The internal surface of the 
walls, to a height of at least 10 feet, with corners rounded off, 
must be rendered smooth and water-tight, so that it. 
may be daily washed dowm with a hose. It is best to 
paint the inner surface with white oil-paint, as the same 
would show off dirt and will help to a considerable degree 
to reflect better light ; if expense is not of much 
consideration, the internal surface of the wall may be fitted 
up with white, glazed tiles or even marble slabs. The floors 
of the slaughter-house and room for cleaning utensils, etc., 
must be hard and water-tight and must be sloped all 
round, having a drain at the lowest point discharging into 
a gully and trap to prevent gases from drains escaping and 
penetrating into the slaughter-house. The floors must be 
such as to resist being broken or cracked by the falling of 
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Iieavy objects or with tbe stamping of animals. They sbould 
not be smooth and slippery. They may be rendered on the 
herring-fish bone pattern, so that they can be easily washed 
and cleansed. The corners in walls and floors must be 
rounded ofl to prevent the collection of dirt and dust. The 
slaughter-house should be properly ventilated and lighted 
by doors, windows and sky-lights. The doors and windows 
should be provided, in addition to the ordinary shutters, 
with “fly-proof shutters ” and they must be so fixed as to 
work automatically unless otherwise prevented. The sills 
of windows must be at least 5 ft. 9 inches above the floor. 
The doors and windows must be so arranged that the public 
cannot see into the slaughter-house. In connection with the 
slaughter-yard, a provision should be made also for a manure- 
house, oflal-house, water-closets, disinfecting accommodation 
boiler-house, a cold room, a cooling room, lavatories for 
butchers and their assistants and, if possible, an incinerator 
and refrigerator and sterilizer. Besides these, there should 
be offices and dwellings for officials and the inspecting staff. 
The slaughter-yard and house should be provided with a 
plentiful good water-supply. The drainage should be on the 
most modern lines and the sewage treated biologically before 
being discharged into the sea, river or on land. 

The blood which flows out at killing must be caught in 
vessels kept in the slaughter-house for that purpose, so that 
the floor may be Soiled as little as possible and not rendered 
slippery. Blood when required for preparation of sausages 
must be collected in thoroughly clean and air-tight receptacles. 
All blood not so used should be boiled down in the shed 
jorovided for the same and used as manure. 

All entrails must be cleaned in the offal-house. The 
w^alls of this house should be very clean, made of marble or 
glazed brick or tile. The floor also should be of good gradient 
and made of the same material. The house should have a 
plentiful supply of water and the offal refuse removed daily 
as soon as the slaughter-house is cleansed. The offal-house 
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must be daily washed down. Expert advice slioiild be 
obtained for the provision of machinery, hoists, cranes, 
stunning machines and other appliances needed for the 
slaughter-house. They should be of the latest pattern. 

In India the practice of slaughtering is ritualistic ; it is 
not unlike the practice which obtains among the Jews all 
over the world. The bulk of the meat-eating population 
is Mahomedan and in almost all places the butchers belong 
to that religion. According to their ritual, the process of 
slaughtering serves to render the slaughtered animal /laJal, 
i.e., partly a sacrifice and partly a ritualistic offering. The 
animal is not stunned, but bound and knocked over and the 
butcher cuts the neck transversely just below the lower jaw 
giving a clean sweep from ear to ear, cutting all the chief 
arteries and veins of the neck right down to the spinal column. 
There is no question as to the cruelty meted out to the dumb 
animal, as this could be obviated by rendering the animal 
unconscious by a stupefying blow, as some three or four 
minutes must elapse before the cutting process is begun 
and more before it is completed. The animal will thus be 
saved the lengthened period of unnecessary torment, thus 
avoiding the injuries and wounds of all sorts caused by the 
“throe*’ or death struggles. Humanity demands that this 
should be so. One often has seen Mahomedan sMkarees 
making the lialal after an animal or wild-fowl is knocked and 
rendered unconscious by a gun-shot. The Jewish method 
of killing does not rest on any command of God, that is to 
say, has no Biblical foundation but is aathorised as a command 
of the Talmud by a number of learned Eabbis. If this matter 
is properly explained to the butchers and others, there is no 
doubt the demand of humanity will prevail and animals will 
be spared the cruel process now in force. 

In India fresh pork-meat is a luxury occasionally indulged 
in by Christians and a few of the Chinese. In Bombay there are 
no public slaughter-houses for pigs, but only private under the 
Corporation surveillance and license. Only 2 or 3 pigs are 
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slaugiitered a day. The scalding and the scraping of hair is 
done in the room where the animal is slaughtered. The 
animal is not stunned before hilling. It is not understood 
why this should not be in the case of pigs, as the butchers 
are all Christians, and consumers would rather prefer the 
animals rendered unconscious before they are slaughtered. 

The plan attached is of a model slaughter-house built in 
H. M. Dockyard, Chatham. 

Glue- Making. 

Glue is obtained by boiling bones, hoofs, horns, scraps of 
skin, leather and waste animal matter in general. The 
materials are first limed and then washed in water to remove 
the lime. They are then boiled, the fat which rises to the 
surface being skimmed oH, and the liquid glue underneath 
is run ofi into shallow moulds and allowed to solidify. 

The accumulation of materials of the trade may cause 
some nuisance ; this can be lessened by liming the layers 
of materials in the stacks and by taking particular care to see 
that they are kept dry. 

The effluvium given off during the boiling process should 
be burned or condensed in water and in either case finally 
discharged via a high chimney. The scutch or debris which 
is left in the vat after the glue has been run off should be 
removed from the , premises as soon as possible ; otherwise 
much nuisance must arise. 

Gut- Scraping. 

The small intestines of pigs and sheep are cleansed and 
then soaked in water for a few days to soften. They are 
then scraped on a bench until practically nothing but 
peritoneal covering is left. They are then placed in water 
again. 

The subsequent treatment varies according to whether 
it is desired to make sausage skins or catgut. If the former, 
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the guts are simply placed in salt solution; if, however, 
catgut is desired, they are treated with sodium carbonate 
and are then spun and finally bleached with sulphur fumes 
and dried. The trade, if improperly carried out, is a most 
offensive one, but it need not necessarily be so. The premises 
should be well constructed, lighted and ventilated. As large 
amounts of water are used, the floor should be of concrete 
properly sloped and drained. The walls to a height of at 
least six feet must be rendered with some smooth imper- 
meable material, e.g., concrete or Indian patent stone. The 
tables on which the guts are scraped must not be of wood 
but be made of stone. The guts should be stored in imper- 
meable receptacles ; wooden tubs should not be used. The 
waste liquids before being passed into the drains should be 
deodorised by chlorine water. It is of the utmost importance 
that a high degree of cleanliness be maintained as, if this be 
the case, no nuisance should arise. For other precautions 
against nuisance, reference should be made to the introductory 
remarks on this section. 

Fat Melting. 

The chief substances used are beef, mutton and pig fat 
kitchen waste, waste meat and the materials obtained from 
boiling bones and scraps at knackeries and glue works. The 
degree of nuisance caused by fat melting depends largely 
on the freshness or otherwise of the fats, and on the means 
employed for melting. There are three methods which can 
be employed, viz., open fires, free steam either with or 
without the use of suljjhuric acid, and lastly steam jacketed 
pans. 

The fresher the fats are, the less the nuisance. Un- 
questionably the most objectionable method of melting is 
that where an open fire is used, and generally speaking, the 
higher the temperatiue the greater the degree of nuisance. 
If done over open fires, the melting should be carried out at 
the lowest temperature possible, and suitable appliances 
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sliould be used for conducting away the fumes generated. 
By far the best method is to use steam, either free steam or 
steam jacketed pans. The advantages are obvious : the fat 
is not in direct contact with the fire, thereby lessening greatly 
the risk of nuisance ; the fumes are collected and burned 
and, finally, the fat is easily run ofi into suitable receptacles 
in a simple and cleanly manner, so avoiding a frequent cause 
of complaizit, viz., the fouling of the surroundings which 
occurs in the process of removing the melted fat from the 
pans to the cooling receptacles. Under no circumstances 
should an establishment for the melting of fat be permitted 
to be erected in a populous neighbourhood, unless it is worked 
by steam. The other requirements of a fat-melting works 
have already been detailed in the introductory remarks. 
Particular attention should be paid to the provision made 
for the storage of fat prior to melting. Covered metal 
receptacles should be insisted upon in every instance, as 
otherwise much nuisance may arise. 

Fellmongering . 

A fellmonger is one who receives the skins of sheep and 
prepares them for the leather dresser. Two classes of skins 
are received, viz., fresh and dry imported foreign skins. The 
fresh ones are first of all cleansed from dirt by being beaten 
by a mallet and then soaked in water, after which they are 
limed either by placing them in a pit containing milk of lime 
or, as is more usual now, by applying cream of lime to the 
fleshy surface by a brush, the skins being afterwards folded 
with the fleshy surface inwards. They are now hung up to 
allow the wool to become loose and when this occurs, they 
go to the pulling house, where the wool is removed. They 
are now known as pelts, and are thrown into a pit 
containing milk of lime until they go to the leather dresser. 

The foreign skins being dry and hard are softened by 
placing them in water for some hours. While damp, the 
skins are hung up in a fairly warm chamber, where a slight 
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superficial putrefaction takes place, enabling the wool to be 
readily pulled off. Tlie skins are not limed. Tbe subsequent 
treatment resembles that for fresh, skins. 

Leather Dressing. 

A leather dresser is one who receives pelts as well as 
horse, seal, calf and goats’ skins. All these latter he treats as 
regards liming and scraping, etc,, just as described under 
felbnongering. 

Having received the pelts, etc,, he subjects them to a 
process known as breaking, which consists in scraping the 
fleshy side with a curved knife so as to remove the comiective 
tissue, &c. The parts removed are known as fleshings. 
The skins now go back into pits of lime of varying strength 
or varying periods. The next process is to wash out the 
lime, after which the skins are placed in a solution of puer 
which consists of dogs’ dung. In this they remain for a 
period varying according to strength. They are now scraped 
and washed and pass to a mixture of bran and water known 
as drench. In some works no puer is used, the skins going 
direct into the drench. 

The pelts are now ready for either tawing or tanning. 

For tawing, the prepared pelts are placed in a 
barrel containing salt, alum, yolk of egg and water. 

Tanning. 

A tanner is one who receives raw hides and prepares 
and tans them. Occasionally, all the three trades are 
carried out in the same premises. The tanner receives 
three classes of hides, viz., fresh, salted and dried. 

Treatment of fresh hides . — The first process is liming in 
a series of pits of varying strength. To secure even action, 
the skins are drawn out daily and replaced. The hair is 
next removed. The hides are then washed in clear water 
and then the fleshings removed with a curved knife. Of the 
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strictly tanning process, the first part is called colouring : the 
skins suspended on poles are lowered several tiroes daily into 
a pit containing old tan liquor. The object is to colour all 
the parts evenly. They now go to the tan pits, passing 
through pits of gradually increasing strength. The materials 
used are oak, mimosa, valonia, hemlock and chestnut. 
Salted hides are treated in the same way except that they 
are first soaked for a day or two to get rid of the salt. Dried 
hides are placed in water and afterwards beaten until they 
are soft. Both then undergo the same treatment as fresh 
hides. 

The following is a short account of the processes carried 
out in the Bombay tanneries 

The skins are ■washed in three or four changes of fresh "water. They 
are then immersed in lime solution for S to 10 days, during which time 
they are turned each day so as to secure even action. The hides are now 
removed, washed and scraped with the curved knife already referred to. 
They are again washed and placed in another solution of lime for 3 to 4 
days, removed, washed and again scraped. They are further washed and 
trampled under foot in order to render them pliable. The hides are then 
immersed in a bark solution for 10 to 12 days, the hides being turned daily. 
On removal they are again dressed with the knife. They are now put in a 
second bark-bath for a similar length of time and on removal dressed as 
before. They are now placed in the myrobalan bath for 3 days. On 
removal they are dried and, when all moisture has been extracted, they are 
oiled and hung up ; when dry, they are rendered pliable by being beaten 
on large smooth stones, after which they are packed in bales ready for 
transport. The above is the method adopted for sheep and goat skins ; 
for cow hides and other large skin's there is an additional (third) bark- 
bath. The whole process takes 40 to 50 days and for large skins 60 to 70. 

The sources of nuisance in the foregoing trades are 
as follows : — 

(1) In the reception of the raw skins and imperfectly 
cured foreign hides and their transference from one place 
to another. 

(2) The ammoniacal odour proceeding from a large 
number of skins painted with lime. 

(3) The emptying and cleansing of the tanks where the 
skins are washed. 
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(4) Tlie removal of waste lime from exhausted lime-pits. 

(.5) The process of puering and the discharge of waste 
piier and drenches, etc., into drains of untrapped or into open 
drains and streams. 

(6) The drawing of skins from lime-pits. 

In Bombay the chief nuisance appears to be due to lack 
of .supervision and to the hopeless overcrowding of lime and 
tan tubs on the premises, as a result of which it is almost 
impos-sible to properly cleanse the premises. 

The premises in which these trades are carried on must 
b(} well constructed. The floors should be of concrete, sloped 
and drained. The walls should be coated with cement to a 
height of about 8 feet. The J3its must be made of a material 
which will not readily flake or wear a\vay and the corners 
should bo rounded ofi so as to facilitate cleansing. The 
entire process should be carried out in closed buildings 
lighted from the roof and well ventilated. 

The water in the tanks where skins are cleansed should be 
changed daily. Waste lime and fleshings should be removed 
daily. Puering can be carried out using a cold solution 
altliough this method takes longer, and in any case it must 
be done in a closed chamber -ventilated by a special shaft 
discharging well above the roof of the premises. In some 
works the waste puer and drenches are collected in a tank 
and allowed to settle and treated with lime before discharge 
into the drains. All waste tan material must be removed 
daily and it should on no account be burned on the premises, 
as this may cause great nuisance. The interior of the 
tannery, etc,, should be lime- washed at frequent intervals. 
All tan tubs should be laid in regular parallel rows with a 
space of at least 21- feet between the rows to permit of proper 
daily cleansing ; since this has been insisted upon in the local 
tanneries, much improvement has resulted. 
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Apart from nuisances, there are certain definite dangers 
in connection with these trades, viz., infection with Anthrax, 
and lead, arsenic and mercurial poisoning. 

Lead poisoning may arise from the fact that oxide and 
other salts of lead are used in the preparation of certain 
forms of leather. Arsenical poisoning may arise owing to 
arsenical salts being used to preserve the skins during transit 
or to their use in the treatment of certain varieties of skins. 
Mercurial poisoning may arise from the same cause. 

Skins treated with a mixture of lime and orpiment may 
on washing cause the water to give off sulphuretted 
hydrogen gas, leading to the formation of arsenious acid and 
sulphurous acid. 

Anthrax may arise from handling infected hides from 
Russia, Persia, Turkey and India. The infection may result 
from inoculation through the skin via a wound, or from 
inhalation or from swallowing the bacillus. 

Much attention has been to this subject, and 

Seymour Jones has brought out a process for dealing with 
hides to lessen the risk of this disease. A disinfectant to deal 
with hides must be capable of destroying the spores of Bac. 
anthracis when present on hides and skins under any of the 
conditions in which they may be supposed to occur 
naturally, e.g., when protected by hard, dried blood. It 
must not injure the hide nor interfere with any of the subse- 
quent processes by which they are converted into leather. 
It must be simple, cheap, and non-dangerous or non-poisonous 
to those who have to carry out the disinfection. 

His process consists in placing the dry hides for 24 hours 
in a soak, which is made up to contain 1-2 per cent, of formic 
acid and • 02 per cent, of perchloride of mercury, and then 
salting them with sodium chloride. The action of the soak 
is to swell up the fibres of the hide by causing them to absorb 
water, the result being that the hide returns to a condition 
closely resembling that in which it was when taken from the 


990 


Sanitation in India. 


animal carcass. This swelling action also ailects tiie dry 
albuminous matter which may be supposed to protect the 
spores and permits of the action of 23erchloride of mercury. 
After the soak the salt, by again abstracting water, converts 
the hides into a condition which differs very little from the 
wet salted state of a hide, which had been so treated 
immediately after flaying. 

It is claimed for tlxis process that no damage is done to 
the goods, that the process is simple and can easily be carried 
out at the port of shipment by unskilled labour, that it is 
cheap and that there is no danger in using perchloride in the 
recpiired dilutions, the goods requiring very little handling. 

Blornge ami pressing of hides . — Fresh skins after being 
beaten, soaked and washed are salted and sometimes treated 
with a mixture of lime and oriiiment and then dried. In the 
subsequent handling of the.se skins, either loose or in bales, 
there is a considerable amount of disagreeable smell and dust 
evolved. This dust has been shown to contain arsenic. For 
these two reasons it is not desirable to have hide depots 
located in or near thickly populated parts of a city. 

Soap-Making. 

Soap is prepared by the combination of an alkali either 
soda or potash with fat or oil. The glycerine or the base of 
the fat is displaced and is replaced by the alkali forming soap. 

Soaps are divided into two classes, " hard ” and “ soft 
according to their physical characters. Hard soap is made 
with soda while soft soap has potash for its base. 

Various fats and oils are used in preparing soap. The 
interest of the sanitarian in the process of soap-making 
lies not so much in the soap itself as in the fats and oils from 
which it is made and the storage and boiling of which often 
causes nuisance. 

Soap is prepared either by the cold process or by the 
boiling method. In the former, the fat or oil or both are • 
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heated to about 120"E. and then the cold solution of potash 
or soda called “the lye ” is introduced. The whole mass is 
thoroughly mixed and the soap is run into frames where it 
sets into solid sheets. Bars or blocks are cut from this as 
desired. 

In the boiling process, the fat or oil or both are boiled in 
large pans either on an open fire or better by steam discharged 
into the interior of the pans at the bottom or into a steam 
jacket around the pan. Caustic “lye” is gradually added 
until the materials have been introduced in proper propor- 
tions to form soap. The rest of the method is the same as in 
the cold process. 

The chief ofiensiveness in soap-making arises from the 
manipulations of fats and oils. The fats may be stored too 
long on the premises in uncovered vessels or fragments of 
animal or other matter may be lying about on the floor. 
Nuisance may arise from the vapours and gases emitted 
during the process of boiling or from the waste liquor if this 
is not disposed ofl properly. 

To obviate these nuisances, the following conditions 
are enforced in Bombay ; — 

1. Floors and walls upto a height of 6 feet, of building used for soap* 

making to be rendered impervious and smooth. 

2. Premises to be cleaned every day. 

3. A suiSoient number of receptacles constructed in galvanised iron 

with tight fitting lids to be provided and all refuse fragments of 
animal or other matter which have fallen about the premises, 
to be deposited in them. These receptacles are to be cleaned 
daily. 

4. All refuse to be removed from the premises daily to a place 

appointed for the reception of such material. 

5. The interior and exterior of boiling pans, casks, tanks, vats, 

troughs, etc., to be cleaned up as often as is necessary to prevent 
accumulation of filth, 

6. Materials not required for immediate use to be stored in such 

a way as to prevent emission of injurious effluvia therefrom. 

7. Best practicable means to be used to render innocuous all gases 

and vapours given off during the process of soap-making. 
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8. Repairs to walls to be undertaken when necessary and lime-washing 
oi building twice a year or oftener if required. 

0. Means of drainage and ventilation to be maintained in good order. 

10. Any building in which soap is stored, not to be used for human 
habitation, • 

Manufacture of Cow-dung Cakes, 

Tliis trade is carried on by a certain class of people. 
Dung mixed witli waste straw is collected from stables and 
circular cakes, pressed by band, are prepared from it. These 
are then spread over any open plot of land and left exjposed 
to the sun for drying. They are removed in about a week 
after one or two turnings. The poorer class of people use 
them as fuel and they are also in demand by Goldsmiths 
and Jewellers for their trade. 

The trade is an offensive one as the collection of dung 
and the jireparation of cakes are all done by hand. A 
sufficient quantity of dung is collected before it is made into 
cakes and as such collection takes time, the smell given off 
during the interval from the decomposition of dung-heap 
causes serious nuisance to the neighbourhood. The dung- 
heap serves also as a breeding place for flies which deposit 
their eggs in it. When the cakes are made and exposed for 
drying, the larvae which hatch out from the eggs barrow into 
the soil to complete their development there. 

The trade should not he allowed to be carried on in any 
place unless it is open on all sides and situated at a sufficient 
distance from any dwelling house, workplace, etc. Dung 
should not be allowed to accumulate for more than 24 hours. 
The trade should be licensed and the conditions of the license 
strictly enforced. 

Fbrro-Silicon : Its uses and dangers. 

Ferro-silicon is an alloy of iron and silicon used in the 
manufacture of steel. Its transport has occasioned many 
deaths. As its use is spreading and as steel and iron works 
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are springing up in India, these few notes as to its dangers are 
inserted. It forms an essential ingredient as regards its 
silicon in the manufacture of certain grades of steel, to which 
it is added in small quantities while the metal is in a molten 
condition. Silicon has a high calorific value and acts as a 
metallurgical fuel ; hence by causing molten steel to remain 
fluid for a long time, it enables thin and intricate castings 
to be made and by reducing action it prevents the formation 
of blow-holes in castings. The addition of silicon to steel 
imparts to it, among other valuable physical properties, a 
high tensile strength when present to the extent of rather 
less than 1 per cent, together with small quantities of carbon 
and manganese. The low grade variety, containing not 
more than 15 per cent, of silicon, is made in blast furnaces 
to a considerable extent, while the higher grades are made 
in the electric furnace. 

Dangers in connection with transport and storage . — ^High 
grade ferro-silicon is liable to evolve gases of a deadly nature 
when brought into contact with water, or even when exposed 
to the action of moist air. This dangerous tendency is more 
especially referable to certain grades of it, especially those 
averaging a content of between 30 and 70 per cent, silicon ; 
and some of these grades show the curious physical property 
of spontaneous disintegration, the lumps of which they 
consist being found to be liable to crumble during transport 
and in some instances to actually fall to powder, thus present- 
ing a large surface to the action of a moist atmosphere with 
consequent greater evolution of poisonous gases. A careful 
examination of a large number of samples has shown that 
this tendency is confined more especially to the middle 
grades. 

Manufacture . — ^A mixture of steel turning with quartz 
and coal is put in an electric furnace and heated. 

Impurities . — Certain impurities originally present in the 
coal, iron and quartz used, or formed from them during the 
63 
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process of manufacture, are always present, and some of 
tkese are tlie ultimate cause of the accidents which have 
occurred. Calcium phosphate Ca 3 (Po 4 ), one of the 
impurities present in coal and in quartz, in itself harmless 
and mdely diffused in nature, is responsible for the production 
of calcium phosphide, which remains in the ferro-silicon and 
in contact with water or moist air is decomposed with the 
evolution of phosphate of hydrogen {PH3). Arsenic is 
another impurity liable to be present in various combinations 
in coal and in iron, and this is present in ferro-silicon apparently 
as calcium arsenide which is also decomposed by water or 
moist air, evolving arseniuretted hydrogen (AsHs), a gas 
scarcely if at all, less poisonous than PH3. 

Acetylene was formerly found as an impurity, but this 
was probably due to the fact that the furnaces used for 
the manufacture of ferro-silicon were also used for making 
calcium carbide. Siliciuretted hydrogen has also b:en 
suggested as an impurity liable to cause poisoning ; but 
on contact with moist air, this gas splits up into silica and 
hydrogen. 

The poisonous emanations from ferro-silicon on contact 
with water consist mainly of phosphoretted hydrogen, some- 
times alone but for the most part accompanied by varying 
proportions of ASH 3 . These two gases are deadly poisons, 
and among the symptoms, common to both, produced by 
their inhalation are severe abdominal pains, nausea, 
vomiting, great weakness and prostration, gradual loss of 
consciousness and death frequently within 24 hours. Among 
other signs, etc., are cold, clammy sweat, pulse almost 
imperceptible, breathing slow and light, crepitations in 
the lungs, and pupils somewhat dilated. Phosphoretted 
hydrogen has been proved by experiments to be fatal 
to animals when present in the air in the small proportion 
of O' 025 per cent., and so far as experience goes AsHa 
scarcely less poisonous. 
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The various grades have been classified into three 
groups ; — 

Glass 1 : — 10 to 30 per cent, silicon, containing practically 
no poisonous impurities and not liable to spontaneous 
disintegration. 

Class 2 : — 70 to 90 per cent, of silicon, not entirely free 
from poisonous impurities but not liable to disintegrate. 

Class 3 : — 35 to 60 per cent, silicon, containing in most 
instances a considerable proportion of poisonous properties 
and in addition being more or less liable to disintegration. 

The volume of gas given ofi varies, and Hake found that 
certain low grades yield on an average 0 • 2 cubic foot per ton 
while certain high grades yield 2* 1 to 5*7 cubic feet, and the 
intermediate grades containing from 42 to 52 per cent, of 
silicon yield the largest amount, viz., 2 - 1 to 16 • 8. 

It will thus be seen that the atmosphere of a cabin on 
boardship might, under certain circumstances, very rapidly 
assume a toxic character, if ferro-silicon forms a part of the 
cargo. One of the conclusions arrived at by D. Copeman 
is that low grade ferro-silicon (10 to 15 per cent.) does not 
evolve poisonous gases even in the presence of moisture. 
Ferro-silicon of all grades up to and including 30 per cent, 
appears to be practically innocuous, and this applies probably 
to those above 70 per cent, though in a considerably less 
degree. The proprietors of iron and steel works are therefore 
advised to restrict their orders to grades of this material 
either not exceeding 30 per cent, or 70 per cent, and upwards, 
according to the special nature of their requirements. 
Copeman and Hake are therefore in accord in their 
experiments and findings. 

Eegulations recommended. 

1. Ferro-silicon should not be sent out of the works immediately 
after manufacture, but, after being broken up into pieces of the size in 
which it is usually sold, should be stored under cover, and exposed to the 
air as completely as possible for at least a month before being despatched 
from the works. 


996 


Sanitation in India. 


2. Manufacturers should be required to mark in bold letters each 
barrel or other parcel of ferro-ailicon with the name and percentage grade 
of the material, the name of the works, the date of manufacture and the 
date of despatch. 

3. Its carriage on passenger vessels should be prohibited. When 
carried on cargo boats, it should, if circumstances permit, be stored on 
deck. If considered necessary to store it elsewhere, the place of storage 
must be well-ventilated and be cut off by air-tight bulkheads from the 
quarters occupied by the crew. This is to apply to I'iver and canal boats. 
Storage places at docks, or at works where ferro-silicon is used, must be 
well ventilated and away from workrooms, mess-rooms and offices. 


Paper-making. 

Paper consists of cellulose fibres matted or felted in a 
sheet and is usuallj jirepared from a variety of raw materials 
such as old rags, straw, hemp, flax, jute, wood and esparto- 
grass. The first step in the process is the preparation of the 
pulp and it is in connection with this that nuisance mostly 
arises. 

Eags are prepared primarily by being dusted in an 
‘‘Agitator.” They are then cut into small pieces and again 
dusted ; after which they are boiled with Carbonate of soda 
or Caustic soda or a mixture of both. Next they are bleached 
either by chlorine in a closed chamber or by the alternate 
application of bleaching liquid and acid. Their subsequent 
treatment is the same as that of wood pulp or esparto-grass. 

Wood-pulp is prepared by cutting the wood into fine 
chips and then boiling them with Caustic soda under pressure. 

Pulp from esparto-grass is prepared in a similar way. 
The grass is cleaned by picking out the impurities from it 
and then boiled with a caustic alkali in a closed boiler into 
which steam is forced under pressure. The liquor is very 
foul and is either discharged into drains or run into a store 
tank. Prom this by subsequent evaporation and incineration 
of the residue, soda is recovered which makes this an 
economic operation of some value. 
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From pulp obtained from rags, wood or esparto-grass, . 
paper is prepared by a series of mechanical procedures which 
do not involve sanitary questions. 

The sources of nuisance in the foregoing trade are as 
follows : — 

The collection and storage of old rags and waste material 
of a similar kind is a constant source of danger to public 
health. The vapours given off during the processes of boiling 
and while the pulp is cooling down are very annoying and 
evoke a large number of complaints from the residents in the 
neighbourhood. The esparto liquid is a serious source of 
nuisance. It resembles strong tea in colour, is alkaline, 
strongly reducing and is offensive in odour. Lastly the 
process of recovery of soda leads to even greater nuisance 
partly from vapours yielded by the evaporation but still 
more from the pungent fumes produced by the ignition of the 
residue. 

In order to minimise the nuisances in this trade, the 
following precautions should be observed : — 

All vapours should be conducted by a flue into a tall 
chimney and, discharged high into the atmosphere. The 
discharge of waste liquor into drains, while it is hot, should be 
prohibited. It should be cooled in settling tanks and sub- 
sequently filtered through earth or ashes. The fumes pro- 
duced during incineration should be burnt in the furnace 
fires. 

Sugar Repining and Sugar Refineries, 

Sugar is largely adulterated by mixing it with inferior 
or impure kinds of sugar. Impure sugars are dark in colour, 
imperfectly crystallized, heavy and clammy, and readily 
cake into masses. They are found to contain fragments of 
cane, and woody fibre grit. Sugar is also adulterated with 
starch with a view to improving its colour, and with water 
of the treacle or molasses. Hence there is a large business 
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carried on in India wliich is known as ‘ refining sugar,’ and 
the manufacture of sugar-candy or khuri-sukJcur and finely 
powdered sugar or 2 '>itlii-svkhur. 

The process of sugar refining in India differs from the 
methods employed in Europe. The modern methods of 
refining as carried out in Europe are to dissolve the raw sugar, 
treat it with lime, and then clarify and filter it. It is then 
decolorized by mixing it with animal charcoal or bone-black 
and filtered again. The result is a clear, transparent, slightly 
yellow fluid to which a trace of ultra-marine blue is added. 
It is now transferred to a vacuum-pan and evaporated until 
if. is of suffi cient density to crystallize, and then centrifugalised . 

The sugars used for refining in India are ; {a) Mauritius 
No. I., (6) Java No, L, and (c) the English beet-sugar. 

The basis of the process in India is to treat the syrup 
with milk and water with a view to removing the impurities. 
The sugar is dissolved in hot water in a large vat placed over 
a furnace and heated to the boiling-point, the mixture being 
constantly stirred so as to prevent the sugar from being 
charred. The proportion- of water used is about five gallons 
for every bag of sugar weighing six maunds. When the 
mixture of sugar and water attains the boiling-point, milk 
mixed with water in the proportion of five parts to one is 
gradually put into, the boiling syrup. The effect of this is 
to cause a scum to appear on the surface together with 
particles of dirt. Cold water is then added from time to 
time so as not to overboil the syrup until all the dirt rises 
to the surface. 

The next procedure is to remove the scum by means of 
flat, perforated iron spoons and to set it aside for further 
treatment. The clear syrup is next stored in large galvanized 
zinc or copper tubs fitted with stop-cocks. When suflficient 
syrup is collected, the cold syrup is drained off through the 
taps into flat-bottomed pans, and placed over a small fire- 
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place and allowed to boil until it attains a certain amount of 
consistency. Tbis is next poured into a flat iron-tray and 
kept to cool for a period of seven days, wben it solidifies in 
layers. The solidification is complete at tbe bottom, above 
tbis is a layer of treacle or molasses, and tbe topmost layer 
consists of crystallised sugar. 

At tbe end of seven days, a bole is pierced into tbe upper 
or crystallised layer, and tbe trays are kept in a slanting 
position over a sloped staging of galvanized iron so as to 
drain ofl tbe treacle or molasses. Tbis treacle flows into a 
tray and is kept for further treatment. Wben all tbe treacle 
bas been drained off, tbe trays are removed and tbe crystals 
of sugar collected over a mat, while tbe solidified layer at tbe 
bottom is broken up into small pieces. Tbe sugar-candy is 
then sieved so as to remove tbe finer particles’ and sorted into 
four sizes. Tbe sugar-candy thus produced is of a white 
colour. 

Tbe treacle which is drained of tbe trays is further 
boiled in flat-bottomed pans over an open fire-place, and 
constantly stirred until it attains the required consistency, 
wben it is put into pans and allowed to cool for some 
days. It then solidifies into three layers in tbe same way as 
described above and wben cooled, tbe same process of piercing 
a bole into tbe upper crystallised layer and draining off tbe 
treacle into pans is repeated. In tbis second process, as 
tbe treacle is further heated, a certain amount of browning 
of sugar tabes place, and hence tbe sugar-candy is of a 
brown colour somewhat resembling toffee. 

Tbe treacle that remains from tbis second boiling is 
further heated in an iron pan over an open fire-place until it 
attains a certain amount of consistency, wben it is poured 
into buckets and formed into a substance called “ goor.’’ 

Tbe scum or dirt, which is removed and set aside in tbe 
first part of tbe process of refining sugar, is then mixed with 
water in varying proportions and boiled to tbe boiling-point. 
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It is tiien sieved in a basket covered with, cloth and the liquor 
is used to make goor, in the manner described above. 

The liquor or uncrystallisable solution of sugar and the 
scum or dirt is also sold to tobacconists to make guracco, 
^.e., tobacco sweetened with molasses. 

Pithi suJckur is made in the same way as sugar-candy 
except that, instead of allowing the thick syrup to solidify 
or crystallise, it is removed from the pan and macerated by 
a wooden spoon until the syrup is triturated into a mass 
resembling flour. 

This trade is an offensive one, and it should therefore not 
be permitted in crowded areas. The sources of nuisance 
are the following : — 

(a) In the process of boiling the sugar, very offensive 
odours are given off which pervade the 
neighbourhood for some distance. 

(h) The smoke, if there is no proper flue and chimney, 
is allowed to escape through windows or doors 
or gratings in the roof, and thus causes nuisance 
to the neighbouring residents. 

(c) Flies are attracted in large numbers owing to the 
storage of sugar on the premises. 

It is necessary in the public interest that this trade should 
be carried on under wholesome conditions, and for that 
purpose the following requirements should be demanded : — 

(1) The building in -whicli this trade is carried on should preferably 

be a ground-floor structure. It should be well ventilated and 
should not be used for residential purposes. 

(2) The floor should be paved with smooth stone or tiles, so as to be 

readily cleaned and washed, 

(3) There must be a proper flue and chimney to conduct the smoke 

and fumes from all the furnaces. The chimney should be 
carried above the eaves of neighbouring buildings. For this 
purpose, it is recommended to build furnaces with chimneys 
on the lines of the kitchen “ copper ” used in England. 

(4) The fuel used in the furnaces should preferably be coke, instead 

of firewood or coal. 
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Silver Smelting, Casting Metals, etc. 

Tliese trades, as carried on in. India, may be classified as 
under 

(1) Casting of tbe metals, iron, lead and copper, and 

the casting of brass. This latter consists of an 
alloy of copper and zinc in the proportion of 2 
of copper to 1 of zinc. It is harder than copper 
and can be more easily worked and for most 
purposes its quality is considerably improved by 
the addition of 1 to 2 per cent, of lead. 

(2) Melting and refining of silver. 

(3) Extraction of silver and gold from embroidery. 

(4) Silver-wire-drawing. 

(5) Working in gold and silver for ornaments and 

jewellery. 

(6) Working in copper, brass, tin, aluminium for the 

making of household utensils, etc. 

Each of these trades will now be described in detail. 
I.— Casting of the Heavy Metals, Iron, Lead, Copper 
AND Casting of Brass. 

In large works, with few exceptions, furnaces protected 
by a hood and provided with a chimney are used. The 
fuel employed consists of coal and coke. 

In some of the places, in addition to the casting of metals 
a workshop is provided which results in further vitiation of 
the air by the addition of minute particles of metal. The 
majority of these works are carried on on the ground-floor 
of houses used for human habitation, in rooms where the 
means of ventilation are very defective, and where the cubic 
air-space available is not sufi&cient to dilute the products of 
ordinary combustion, the amount of which depends upon 
the degree of, perfection of combustion. In smaller works 
specially constructed shallow furnaces are used, the fuel 
being the same as in larger works. 
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It must be understood that in none of these works is 
smelting, in its ordinarj sense, carried on. The metals are 
simply melted and cast for purposes of commerce and no 
ores are treated. 

II.— Melting of Silver. 

Old jewellery, silver coins, etc., are melted in furnaces 
in which a very high temperature is reached. Where large 
quantities are dealt with, iron hoods and a chimney are 
provided to carry off the gases formed. Many of these hoods 
and chimneys are, from faulty construction, practically 
useless to prevent the fumes escaping into the shop, and 
those that do succeed in this, do so at the expense of the 
neighbours, as the chimney terminates immediately outside 
the wall. In the smaller works, special shallow furnaces are 
used. These are provided with bellows to assist combustion. 
To purify the silver, it is treated with crude sal ammoniac 
or it is fused in a crucible with 5 per cent, borax and 6 per 
cent, sodium nitrate, and finally run into moulds. 

III.— Recovery of Gold and Silver from Embroidery. 

There is a distinct body of men engaged in this trade 
{Jarriwallas). The process adopted by them is one which 
undoubtedly gives rise to considerable nuisance ; if not indeed 
danger to health also. The following is an outline of the 
method. Old clothes and caps, etc., are bought and carefully 
• sorted, and the embroidery removed and washed. This is 
now burnt and the ashes placed hi a flask and a considerable 
quantity of almost pure nitric acid is added, and the whole 
gently heated over an open charcoal fire on the floor of the 
room. This causes evolution of dense, reddish, brown fumes 
of a very hritating character. These fumes are permitted 
to escape unchecked into the room. This operation is carried 
on until these reddish fumes cease to rise, after which the 
greenish blue liquid in the flask is poured off into a large 
basin. Fresh acid is now added to the deposit in the flask 
and the heating process is repeated until all the silver is 
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extracted. Tiie residue or deposit left in tlie flask is put 
aside and, by a method to be described later, gold is recovered 
from it. 

Now, from the solution of silver in nitric acid, the metal 
can be recovered by one or two or more processes. Two of 
these methods may be described. 

(a) The solution is evaporated and the residue is 
dissolved in dilute ammonia, and the resultiug blue solution 
is diluted with water to bring the strength of silver down to 
2 per cent. A sufficient quantity of normal ammonium 
sulphite is now added to render the solution colourless on 
warming and the whole is allowed to stand for 24 hours, 
when one-third of the silver separates. If the supernatant 
solution is now heated to 60° or 70°, the remaining two-thirds 
of the silver separates out. 

Or, (6) the solution of silver in nitric acid is placed in a 
large earthenware basin and small pieces of sheet copper are 
added to it. The silver then becomes deposited on the copper. 

The deposit left in the flask after the extraction of the 
silver is heated in crucibles, and from it certain quantities 
of gold are recovered and run into moulds. 

IV. —Silver-Wire-Drawing. 

Another industry is that of silver-wire-drawing. The 
silver is first covered with gold-leaf and is then heated in a 
small open furnace in which wood fuel is used. It is drawn cold. 

The wires are drawn through gauges of varying calibre. 
Human labour is used throughout. The majority of premises 
in which wire-drawing is carried out appear to be used, for that 
purpose only, but some carry on melting and casting as well. 

V.— Manufacture of Silver Ornaments, Jewellery, etc. 

Silver used in the arts and for coinage is usually alloyed 
with a smair amount of copper, which renders it more durable 
and more easily worked up. English coins and plate usually 
contain about 7 "5 per cent, of copper. These premises do 
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not appear to cause any nuisance or injury to kealth to tke 
surrounding inkabitants, in so far as production of vapours 
is concerned. Certain organic acids are used for cleansing 
purposes, but they do not appear to cause a nuisance, 

VI.— WOKKINO IN CoPPEE, BeASS AND ALUMINIUM. 

Here ornaments and articles for domestic use are manu- 
factured. No nuisance is occasioned from injurious vapours 
as the articles are manufactured from sheets of various 
metals prepared elsewhere. Much noise from hammering, 
etc., arises. 

Geneeal Ebmaeks. 

In the vast majority of cases, the above mentioned 
processes are carried on on the ground-floor of houses used 
for habitation. These rooms are often dark and in almost 
every instance quite inadequately ventilated. 

In the process of casting heavy metals, in addition to the 
products of combustion of the fuel used, large quantities 
of carbon monoxide and dioxide and the oxides of sulphur 
must be liberated ; occasionally, all of these are permitted 
to escape directly into the room ; and even in those instances 
where hoods and chimneys are provided, their efficiency in 
many cases is far from satisfactory. 

The melting and refining of silver is carried on generally 
in rooms quite unsuited for the purpose, the floor being of 
mud or wood and the walls of wood occasionally. It has 
already been stated that some of the larger establishments 
have hoods and chimneys to convey the products of com- 
bustion away ; but in many of these instances the object 
aimed at is not often attained ; this being due to faulty 
construction and general disrepair. Another point which 
must be noted here is that in those cases, where a certain 
amount of success has attended the effort to convey the 
fumes away from the workshop, it is accompanied by a 
corresponding nuisance to the immediate neighbours, owing 
to the chimney terminating immediately after passing through 
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tlie wall. There is evidence also to show that, even where 
furnaces furnished with a hood, etc., are provided, work is 
carried on in the same room in furnaces not so protected. 
Owing to the use of coal and coke as sources of heat, large 
quantities of the oxides of carbon and sulphur ■ must be 
evolved and, in the absence of adequate means to carry 
these products away, injury to health must result. 

Undoubtedly, however, the greatest nuisance is occasiorved 
by the Jarriwalas or those engaged in recovering gold and 
silver from old embroidery. Here the industry is carried on 
in small shops in crowded districts in rooms which have no 
through ventilation. The rooms are usually on the ground- 
floor of houses used for human habitation. The source of 
heat is open charcoal fires. The processes carried on result 
in dense volumes of irritating gases filling the room and 
escaping therefrom, occasioning nuisance in the neighbour- 
hood. There are no properly constructed fire-places, the flasks 
are placed directly on a charcoal fire which is located on the 
floor, and which may or may not be in close opposition to 
the wall. No means of escape for the fumes other than the 
entrance to the shop, is provided. 

Silver-wire-drawing in itself occasions no nuisance nor 
does the manufacture of articles for domestic use from 
copper, brass and aluminium. While it is, perhaps, desirable 
that many of these businesses should be removed to less 
populous districts in large cities, such a course would tend 
to dislocate the business of old established firms and would 
entail great hardship to owners and tenants alike. Such a 
drastic method could be obviated to a great extent by 
enforcing certain regulations for the conduct of the business. 
Such of the owners and tenants as are unwilling or unable to 
conform to these requirements should be refused a license 
and compelled to abandon the use of the premises for such a 
purpose. It is desirable also that no new business be allo’wed 
to be established in crowded areas. 
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It is not possible to frame regulations wMcli would be 
applicable alike to all tke premises used in tliese trades, and 
it is necessary therefore that each application for a license 
be considered on its merits, keeping in view, however, certain 
main principles directed towards the minimising of nuisance 
and danger to health of both of those engaged in the work 
and those living in the neighbourhood. 

The following points should he considered in all 
applications for licenses for the purpose of carrying on the 
business of lead, iron, copper and brass casting ; smelting and 
refining of silver ; and recovery of silver and gold from 
embroidery ; — 

(1) None of these businesses should be permitted in 

rooms used for human habitation by day or night. 

(2) The structure of the walls and floors should be such 

as not to present undue risk from fire, 

(3) No workshop should be licensed unless provided 

with adequate through ‘ventilation, by means of 

windows or gratings or both. 

(4) No premises should be licensed unless provided 

with proper fireplaces or furnaces. 

As far as possible, such workshops should be situated in 
premises not used for human habitation. The majority of 
workshops, however; are situated on the ground-floor of 
houses so used; where, therefore, more suitable accommo- 
dation is available, pressure should be brought on these to 
remove. Where, however, such is not the case, certain measures 
fox the purpose of minimising the risk of nuisance should be 
insisted on, and no workshop used for these trades should 
be permitted in houses used for human habitation, unless for 
each furnace there is provided and applied and used a hood 
of sufficient size to collect the fumes arising ; this hood to 
communicate directly with a chimney which may be of metal 
or other suitable material, and which must be of sufficient 
length to permit of the discharge of the fumes in such a 
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manner as to cause no nuisance. Further, it should be 
provided that the hood and chimney at all times be main- 
tained in a good state of repair. 

In no instance should the chimney be allowed to 
terminate in close proximity to a window. 

In those cases where, from the situation of the premises 
or other cause, it is impossible to provide for the fumes to 
escape by means of a chimney discharging directly into the 
open air, provision should be made for the destruction 
of the gases by . conducting them into or under a fire or by 
condensation in water. Where none of these methods or 
other suitable method is available, the premises should be 
considered unfit for the purpose. 

Another method of obviating the nuisance from these 
smelteries is to keep the flasks in a brick chamber during the 
boiling operation. The chamber should be fitted with a 
chimney carried to a sufiicient height to prevent any nuisance 
to the adjoining houses. The chamber may be built of 
ordinary bricks, as there is not sufficient heat given off by 
the charcoal to necessitate the use of fire-bricks.- 

Pressing of Oil Seeds. 

A very extensive trade in the extraction of oil from seeds 
is carried on in Bombay and other cities in India. Til, 
cocoanut, and ground-nut oils are the principal oils extracted. 
They are all edible oils and are largely used as substitutes for 
ghee> 

For the most part very primitive and wasteful wooden 
presses are used, worked by a pair of bullocks working in 
turn, and driven by a man who sits on the press and feeds 
it from time to time with the material to be crushed. There 
is no inherent nuisance associated with the trade itself, but 
under the conditions in which it is carried on, much nui- 
sance does result m practice. This is due to the fact that the 
great proportion of these oil-presses or ghanis are located 
on the ground-floor of inhabited houses. The rooms are 
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praotioally devoid of liglit and ventilation, except such, as 
may be obtained through the door. The spare bullock or 
bullocks are generally stabled in a comer of the room, the 
floor of which is unpaved and undiained and generally 
maintained in a state of filth. As a rule, the workmen and 
their families also live in the room. 

In many of the rooms, there is no through ventilation 
and the size thereof is so small as to occasion a considerable 
amount of cruelty to the animals. 

The amount of oil extracted from til seed is about 40 per 
cent, and from cocoanut about 60 per cent. The solid residue 
is used for feeding animals. 

To obviate the nuisance, the best measure is to adopt 
mechanical ])ower in working the ghani, where the business 
is of such dimensions as to render such a change financially 
possible, Failing this, no license should be given to work 
an oil gJicmi by bullocks in a crowded neighbourhood or in 
any room of a dwelling house. Where bullocks are used, 
properly paved, drained and ventilated stabling accommoda- 
tion should be insisted upon. 

Paeching of Rice. 

Parched rice or Kurmura is largely consumed by the poor, 
and also as “ refreshments ” by school children during the 
mid-day recess. 

The process of making this article of food is generally 
carried on in a shed which contains several ovens, the 
number of the latter varymg with the length of the shed. 

The ovens are built of lutcha bricks and mud, and thickly 
smeared over with dung. They are circular in shape and 
have an opening on the top into which is fixed an iron pan 
of varying size. There are no chimneys, but at the back 
of each oven, there is a large slit, two feet in height and six 
inches in width, which acts as a kind of flue and also serves 
the purpose of feeding the fire. 
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The fuel used consists of the husks of rice, sa^v-dust 
;and thin stalks of hay. As the fire is fed through the slits, 
an, outward draught takes place, which brings out a good 
deal of smoke. In fact, when all the ovens are lighted, the 
smoke nuisance is considerable owing to the kind of fuel 
used. 

The rice used is of very inferior quality. It is first soaked 
with the husks on it in boiling water in a wooden tub. This 
soaking lasts for 15 hours. Then the rice is sieved out by 
means of iron sieves, and i)laced in a smaller dry wooden 
tub, perforated with holes at the bottom, to allow of the 
water in the soaked grain to be completely drained ofi. The 
next process is to subject it to a partial baking in the iron 
pans placed at the top of the ovens. Aftez- this, the rice 
is placed on mats and allowed to dry in the sun. It is next 
threshed out in large wooden chalises by being beaten with 
thick sticks, at both ends of which are iron caps. When the 
husks are fully removed, the rice is treated with salt dis- 
solved in water, and then it undergoes final baking in the 
iron pans on the ovens. This baking lasts for 3 hours and, 
in order to prevent the rice from being burnt, it is mixed 
with a certain proportion of sand. 

There is no cleanliness observed in the whole process of 
making this parched rice ; the tubs and other utensils are 
rarely cleaned before use. The shed in which this business is 
carried on is used for dw'elliog purposes as well, and great 
danger of contaminating this food arises when any cases of 
Oholera or Enteric Fever take place among the persons 
residing in this shed. They all sleep on the very floor where 
the rice is spread out and threshed, and this floor is made 
of earth smeared over with cow-dung. 

This trade ought to be carried on in decent, well-venti- 
lated sheds which should not be used for human habitation. 
The following requirements are now demanded : — 

I. No place used for parching rice can be licensed if within a 
distance of 50 feet from any dwelling house. 
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2. The iloors of hhalties should be consolidated. The sheds should’ 

be open on all sides. 

3. A properly consolidated open space of sufficient size should bo 

provided for exposing soaked grain to the sun. 

4. auitable vats or barrels should be provided for soaking the grain. 

Only Municipal pipe water should be u.sed for this purpose. 
All wcdl water forbidden. 

5. As only cotton dust, rice husk, and occasionally sawdust is used 

for fuel and as any other fuel (on enquiry), has been found not 
convenient and serviceable for the industry, the furnaces should 
be deep with proper arrangements made for removal of ashes. 

tj. Sufficient water-closet accommodation should be provided. The- 
number of seats to be determined by the number of men 
employed. 

7. A proper washing place of sufficient size should be provided; 

it should be properly paved and drained and connected to the 
sewer. 

8. Ash-bins of sufficient size should be provided and arrangements 

made for the disjjosal of ash. 

y. The sheds should not he used for human habitation and the floors 
should be kept scrujiulously clean. 

10. All receptacles for storage of water should he of uniform pattern 
with proper fitting covers. 

Eating-Houses. 

There is a very large number of eating bouses in Bombay 
and other cities in India. These places play an important 
part in the lives of the poorer working classes, and the low- 
paid and unmarried populace, for whom these houses for the 
most part cater, have to rely on them for their daily food. 
This fact alone is sufficient justification for demanding that 
a certain minimum standard of sanitation in regard to these 
eating houses should be compulsory. 

By Act hfo. I of 1916 the “ keeping of eating houses ” 
has been included in the list of trades specified in Part IV of 
Schedule M of section 394 of the City of Bombay Municipal 
Act, and the following definition of the term “eating house” 
inserted in the Act— 

“ Eating-House ” means “ any premises to which the 
public are admitted and where any kind of food is prepared 
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or supplied for consumption on the premises for the profit 
or gain of any person owning or havmg an interest in or’ 
managing such premises.” 

It will not be out of place here to point out some of the 
most glaring defects that have been noticed in some of 
these poor class eating-houses and the remedies which are 
necessary to make them saiiitarj. 

The houses "vvere licensed by the Police, and such licenses 
w^ere granted indiscriminately without reference to the 
suitability or otherwise of the place and its surroundings for 
the purpose of preparing food for human consumption. 

In the majority of cases, there is but one eating-room or- 
restaurant proper, which may or may not communicate 
directly or indirectly with the cook-room. Chiefly, however 
it does so directly, and in some instances performs the dual 
function. With a few creditable exceptions, the general’ 
impression in regard to those eating-rooms i.s one of filth 
everywhere— filth on the floor, filth on the walls and filth on. 
the ceilings. 

Some eating-rooms are used as sleeping apartments for 
those employed in the business or by the family of the- 
pro2)rietor. In the majority of instances, the floors are 
properly paved, but in some instances they are rammed with, 
earth and smeared over with cow-dung. The importance of a 
clean floor is better appreciated when one remembers that, 
many of the customers take their meals while sitting on the’ 
floor and in some instances the food is actually prepared there.. 
The lighting and ventilation of many of the eating-rooms 

are far from satisfactory. * The incoming air is frequently 

derived from a vitiated source, such as a common gully 
choked with garbage in varying degrees of decomposition 
and bordered by basket privies. Another and most frequent 
cause of bad ventilation is the cook-room fire, for whoso 

smoke there is no exit other than the main door and 

windows. 
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In some of the eating-rooms, marble-topped tables are 
used which are capable of being properly cleansed. In 
other instances ivooden tables covered with oil-cloth or 
linoleum are in use, whilst in others plain wooden tables 
coated with the grease of ages. 

Cook-rooms .— first essential of a cook-room is that it 
should be well-lighted and adequately ventilated. But in the 
majority of eating-houses, cook-rooms form part of the 
general eating-rooms, or are generally very badly lighted and 
ventilated. In a few instances, the chdwk or interior open 
space of the house is used as a cook-room, an arrangement 
hardly contemplated at the time of building the house, as 
presumably the chowk is meant to act as- a ventilating shaft 
for the upper floors. But the climax would appear to be 
reached when we find actually in the cook-room itself, or in 
close relation to it, basket privies. In one notable instance 
in the outlying districts of Bombay, the sweeper had to pass 
through the cook-room with his basket of night-soil to get 
at and clean the privy receptacles ! 

Apart from the general appearance of filth, due to waste 
vegetable and animal matter and grease lying on the floor 
and walls, and to the smoke-begrimed -walls and ceilings, 
additional dirt is caused by the careless storing of the coke 
and charcoal used in -cooking. Any odd corner, or even the 
table, is considered suitable for storage. 

The tables on which the food is prepared are open to 
ga-y-e criticism, and it is a matter of rarity to come across one 
which has been subjected to a course of soap and water 
within recent times. In some instances no table is used, but 
merely a dirty planli. In fact, there is no doubt that the 
condition of the cook-rooms and the method of conducting 
the. l)u.siuess of preparing food for human consumption are 
little short of .scandalous, more spcciall}'- in view of the facts 
that these houses were licensed. Such a title should be a 
guarantee of rea.sonable cleanliness but, one must confess, 
that as far as one has been able to determine, the only 
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guarantee conveyed by tbe license is tbe XJaynient of a small 
fee for tbe privilege of dispensing food under grossly insanitary 
conditions. 

Cleaning of dishes, etc. — ^Here also a great variety of 
juactices obtains. In some bouses a proper washing tray is 
used, consistuig of a wooden table with raised edges, tbe 
whole being covered with zinc. Some of these tables dis- 
charge over or near properly tra^iped drain inlets, others are 
connected to storm-water drains, while many simply 
discharge on to the public road. In other houses the nahani 
is used for this purpose. The house gully is used by some 
for wasliing dishes, whilst others use a bucket. In certain 
restaurants the condition of the vessels would lead one to' 
believe that any attempt even at cleansing vessels is unknown. 

Memovnl of waste food and ivater and sweepings. — The- 
almost total absence of any attempt towards an organised 
method of removal of waste products and sweepings is one 
of the conspicuous features of this trade. Practically all the 
eating-houses show evidence of neglect in the shape of im- 
swept floors and tables strewn with waste food, of kitchens 
littered with scraps of meat or fish or waste vegetable matter. 
There is no proper receptacle kept for the purpose. 

None of the premises contains any provision for the 
proper storage of milk, meat or any article of food. The milk 
is usually placed on the floor in an uncovered vessel, and a 
wisp of hay is jiacked into the mouth of the vessel, to prevent 
spilling. Meat is disposed of anywhere on the floor or table 
or hangs from the ceiling covered with flies. 

The following conditions are being enforced in Bombay : — 

{a) The licensee shall provide and maintain in good repair and use 
a metal sanitary dust-bin of approved pattern and provided 
■with a lid. This dust-bin should be in daily use for the storage 
of waste food and siveepings of the floor, and the contents 
should be emptied daily into the nearest Municipal dust-cart. 

[b) The licensee shall provide a table or tables for the eating-house 
proper. Such table or tables should be marble-topped or of 
wood covered with zinc on the upper surface or with such 
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oilier non-absorbent metal as may be approved by tlie 
Municipal Commissioner. Similarly, the licensee, should 
provide one or more tables suitably covered for use in the 
kitchen. 

(c) The licensee should provide and use a metal bin or metal-lined 
wooden bin for the storage of any coal, coke, charcoal or 
hrewood used in the preparation of food. Such bin to be 
located in a situation approved of by the Assistant Health 
Officer. (This provision is insisted upon in bake-houses in 
England). 

'{il) The floor of every cook-room and eating-room should be paved 
or cemented. 

(«) Tiie walls of every cook-room and eating-room shall be lime- 
washed twice yearly, and the wood-work thereof shall bo 
washed with hot water and soap at least once every twelve 
months. 

{/) Every licensed eating-house should provide a receptacle of a 
standard imttern for the storage of water. This receptacle 
should be fixed in a definite position approved of by the 
As.sistant Health Officer, who will be guided by the proximity 
or otherwise of drains, or drain inlets, gullies, etc. 

i(j) The Milk, meat and other articles of food should not be allowed 
to lie exposed but should bo stored in jiroper meat-safes or 
cupboards. 

(!i) Every licensed eating-house should be provided with a proiier 
washing place for cleansing dishes, cups, etc., used in the 
biusiness. Such washing place should be properly drained and 
discharged over a half channel gully at a point at least 18 
inches away from any drain inlet. 

(/) Every licensed eating-house should be well lighted and well 
ventilated, and should at all times be kept scrupulously clean ; 

Sweetmeat Shops, 

Like eating-Iiouses, a very large number of sweetmeat 
shops exist in the city of Bombay in highly objectionable 
and insanitary surroundings. The law has been amended 
to bring these places under proper control. They play an 
important part in the lives of many persons, as sweets 
form part of the daily food of many individuals in India. 

The principal Indian sweets are Halva, La'doo, Jiilehee, 
Penda and Burfee. 
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Ealva is a viscous substance. It is made by soaking 
•wheat for three days in a tub and then kneading the same. 
'This process of kneading is generally carried on by means of 
naked feet, and the precaution of washing the feet before 
employing them for this purpose is sometimes not observed 
by careless workers. After this the whole is strained through 
■cloth and washed, and the residue which is gluten is mixed 
with sugar and various spices and also flavoured with vanilla 
and other essences. The whole is then boiled in ghee, and 
■afterwards laid on wooden slabs and cut in. slices. 

badoo-s.— These are either round or cone-shaped. They 
are made from gram flour, Avhich is first mixed with water. 
'This mixture is next sieved through an iron pan, the contents 
being dropped into a frying pan, full of sweet oil or ghee, and 
placed over a fire. The fried contents which appear like 
vermicelli are then mixed with sugar and spices and made 
'into round or cone-shaped balls. 

Julehee . — Wheat flour is mixed with water and allowed 
■to stand for some hours. It is then stirred and mixed into 
•a proper paste. This is then placed in a copper lota which 
is perforated with a single hole at the bottom. The lota 
is next held over a frying pan containing ghee and the 
■contents are dropped into it through the hole in the form of 
■circles. These are then dipped into a pan containing simple 
syrup and afterwards j)laced in copper or brass plates. 

Penda and Burfee are purely milk preparations. The 
milk is first made into what is known as niaiva. This mawa 
mostly comes from Surat and other places in G-ujerat, and it 
frequently becomes stale by the tune it arrives here. 

The large majority of these sweetmeat shops are located 
■on the ground floor of dwelling houses. The process of frying 
is carried on in open fire places, without any provision for the 
escape of smoke by means of chunneys. The smoke nuisance 
and the smell of frying ghee or oil arc rendered still more 
-objectionable by the trade being carried on in dark, ill- 
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ventilated rooms. There is little cleaiiliiiesvs observed iir 
making of the sweets. Ever\dliing- is done on the bare 
floor. There are no proper tables or even benches. The/ 
sweets are exposed in open trays for sale and flies are allowed 
to swarm over them in large numbers. 

It is necessary for the safety of public health to control' 
the conditions under which sweets are prepared at theso 
places. Such places require to be licensed under conditions 
somewhat similar to those laid down in the case of eating- 
houses. 

The conditions enforced in Bombay City are as follows 

(1) Tlio floor of evexy cook-rooiu and sweetmeat shop shall bo paved 

or cemented, and tlie cook-room shall be quite separate from 
the sweetmeat shop. 

(2) The walls of every cook-room and sweetmeat shop shall be lime- 

washed twice in a year in the first week of April and October, 
and the woodwork thereof oil-painted every three years. 

(3) The licensee shall provide a receptacle for the storage of water 

during non-supply hours. This receptacle shall be made ot 
zinc, placed on a stand at least 1|- feet above ground level, 
properly covered with a tight fitting lid and kept under lock 
and key. It shall he cleaned in such a manner and at such 
intervals as shall be determined by the Assistant Health 
Officer, The receptacle shall be fixed in a definite position' 
approved of by the Assistant Health Officer of the Ward. 

(4) All sweetmeats exposed for sale or stored on the premises and’ 

all sugar and other substances n.sed in their preparation shall' 
be kejxt in fiy-ixroof bottles or vessels or protected against 
contamination by flies in some equally effectual maimer. 

(5) The licensee shall provide and maintain in good repair and use 

a metal sanitary dust-hin of approved pattern and provided' 
with a lid. He shall use this dust-bin daily for the storage 
of waste food and sweepings of the floor, and empty the 
contents daily into the nearest Municipal dust-cart. 

(0) The licensee shall provide one or more tables covered with zinc 

for use in the kitchen. 

( 1 ) The licensee shall provide and use a metal bin or metal lined' 

wooden box for the storage of any coal, coke, charcoal or 
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lirewood required -for the preparation of food. Sucli bin or 
box shall be located in a situation approved of by the Assistant 
Health Officer of the Ward. 

(8) The licensee shall provide a proper washing place for cleaning 

dishes, cu])s, frc., used in the bu.sines.s. Such washing place 
sliall be properly drained and shall discharge over a half 
channel gully at a i»oint at least 18 inches away from any 
drain inlet, and in the case of those sweetmeat shops located 
in a portion of the Island where a drainage system does not 
exist, the provision for disposal of waste water shall be such 
as will meet with tlie approval of the Assistant Health 
Officer of the Ward. 

(9) The licensee shall keep his sweetmeat shoi) at all times in a 

cleanly state and ho sliall be liable to jirosecution for failure 
to keeji tlie premises in a jiroper state of cleanliness and for 
any neglect of i*easonable xirocaiitions in respect of the storage 
of milk, sweetmeats or other articles for human consumption. 

(10) All cojiper and brass cooking utensils shall be tinned at least 

every two months, or whenever the licensee is called upon to 
do so by the Assistant Health Officer of the H'ard. 

(11) The licensee; shall not cmjiloy any person suffering from any 

contagious or infectious disease on the iiremises in any capacity. 

(12) No portion of the sweetmeat shop .shall be utilised for preparing 

sweetmeats or ai-ticles of a like nature on segris or chnlas. 
Such articles sliall he pre])ared iu the regular cook-room. 

( 1.3) The licensee shall not jmt np, nor sh.all he allow to be put up any 
‘ pan shop ’ at the entrance of the sweetmeat shop in such a 
manner as to obstruct the light and ventilation of the place. 
Such a ‘ jian shop ’ shall only be fixed in a definite position 
approved of by the Assistant Health Officer of the Ward. 

(14) This license is valid only for the premises above specified, i.e., 
for the number of rooms, shops, or space mentioned, and, if the 
licensee desires to carry on the said trade or any operation 
connected therewith iu any additional room, sliop or space 
in the said premises, he shall apply for a fresh license, which 
(if granted) will be subject to the ])aymont of such additional 
or extra fee as may for the time, being be properly chargeable 
in respect thereof. 

(lo) If the license-holder vacates or gives uji iiossessiou of the said 
premises during the period of this license, he shall forthwith 
inform the Superintendent of Licenses of the same. 

(16) The utmost cleanliness shall be observed iu the various 
processes of xirepariug sweetmeats, and appliances shall be kept 
in a thoroughly clean and sanitary condition. 
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(17) In so far as the licensee sells millc or inilk-products either 

.scj))iriitely or with any other food or beverage for consumption 
on or off the premises, he shall be deemod to be subject to the 
(iouditious prescribed for the sale of milk under license from 
the Municipal Commissioner, except that no additional fee 
shall be chargeable, in respect of such sale of milk or milk- 
products, 

(18) This ]i<!ense is not transferable either as regards the person to 

whom or the premises for which it is granted without the 
written permission of the Commissioner. 

(Ill) The licensee shall cause this license to bo affixed in some 
consincuous jrart of the said premises, 

(20) No impediment or encroachment should be made on the footpath 

in front of the sweetmeat sliop by placing thereon chairs, 
heiichcs, taldes, soda water boxes or any other articles for the 
use of the shop-keeper or his customers, 

(21) The licensee will, at all times during the continuance of this 

license, be responsible for the due fulfilment and observance 
of all tlie foregoing conditions, and in case of any infringement 
of, or neglect, or failure on the part of the licensee or of any 
other person employed or havmg any interest in the business 
to fulfil or observe, any of the said conditions the licensee 
sliall be liable to prosecution and to susiicnsion or revocation 
of this license. 

Aeeated Water Factories. 

Along with bake-houses, aerated water factories have also 
to be licensed in Bombay City under section 394 (1) {d) (i). 
It has always been recognised that, if a supply of aerated 
waters prepared under wholesome conditions is to be looked 
for, such factories must be licensed or registered ; and ever 
since they have thus been brought under proper sanitary 
control, many improvements have been effected in them. 

Prior to the introduction of this legislation, it w^as found 
that very few ©rated water factories in Bombay fulfilled 
even ordinary sanitary conditions. The factory premises, as 
a rule, were found to be rmsuitable for the purpose as regards 
position, construction, light and ventilation. The water- 
supply was stored in receptacles which were open to conta- 
mination. The dirty bottles were washed in tubs containing 
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water which, though it may be clean to ►start with, speedily 
became very foul, and the whole business of the production 
and handling of the mrated waters was conducted without 
proper regard to cleanliness. 

It is not only desirable but necessary in the public interest 
that certain structural and sanitary standards should be 
insisted upon in respect of premises used as aerated water 
factories, and the following requirements a, re now demanded 
in the case of all such factories. 

(1) The building should possess tlie conditions of wholesoineness 
needed for dwellings in general and should furtlier have arrangements 
I'iitting it for the special ijurposc of an aerated water factory, 

(2) The rooms should be light, airy and well-ventilatod, and the floor 
;and walls should have a smooth and non-ahsorbciit surface that can be 
'easily cloaired. 

(3) 2^0 drain or pipe directly conuminieating with a house drain or 
sewer should have an opening in the factory, and the factory should not 
have any windows or ventilation openings abutting on a sweeper's jjassage 
and should not bo situated near a pri\y or other potential source of 
contamination. 

(4) The water-supply of the factory should be from a service pipe 
connected to the Municipal main, or from a special covered cistern supplied 
with Municipal water, and so located as to admit of its being readily cleaned. 

(5) The brushes uscid for scrubbing tlie interior of tUrty bottles should 
themselves be cleaned and disinfected 2 >t'riodically, and the w'ashing and 
the cleaning of the bottles should be carried out in running water or by 
means of a jet of water at high jmessure. 

(6) No person should be jpermitted to sleep in any part of the factory. 

(7) The utmost cleanliness should be observed, in the various imocesses 
of manufacture, and the premises and appliances should be kept in a 
thoroughly clean and sanitary condition. 

N.B . — The Bombay water- BUiijDly being chlorinated, is quite satis- 
factory for the manufacture of serated waters provided the water is taken 
directly from the service-pipes. Where the water is stored on the premises 
in tanks or other receptacles or the source of water is not above suspicion 
bacteriologically, the water should be cither boiled or filtered 2 )rior to its 
being used for such jiuiposes. 

Bake-Houses. 

As defined in the Public Health (London) Act of 1891, 
a “ bake-bonse ” means any place in which are baked bread, 
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biscuits, or confectionery, from tlie baking or selling of which, 
a profit is derived. This definition is now adopted in the 
Bombay Municipal Act (Act 1 of 1916). 

In large cities the sanitary control of bake-houses is a- 
public necessity ; it is more so in India, where bread and 
biscuit making is in many instances carried on in insanitary 
buildings and surroundings. Many of these estabbshinents 
are such as are lilrely on occasions to become infected with 
the specific organisms of certain diseases, c.g'., Cholera, Enteric 
Eever and Tuberculosis, and such germs can easily bo 
conveyed to the dough either by the air, by utensils, by the 
agency of flies, or by the hands of workmen. It is, of course, 
true that, from the consumers' point of view, the evils- 
of insanitary bake-houses are to some extent counteracted 
by the process of baking, but carefully conducted bacterio- 
logical experiments have shown conclusively that baking, 
does not necessarily destroy all the germs that may be 
contained in dougli. Moreover, bread when taken from the 
oven is often allowed to lie about the bake-bouse for a 
considerable time, and there is then every chance of the crust 
becoming contaminated in one or more of the ways mentioned 
above. Tlie insanitary bake-house is, therefore, a source of 
danger both to the bread-consumer and the bread-producer 
and, in the interest alike of the public and the ■umrkmeii, 
certain structural and sanitary standards are obviously 
necessary in res])eet of premises used as bake-houses. These 
are brief!}' as follows 

The huiirliiig sliould possess the conditions of wholesomeness needed for 
dwellings in general, and should further have arrangements fitting it for 
the special purpose of a hake-house. Separate rooms should be provided 
for storing flour, for mixing and kneading the dough, for haldng, and 
for storing the brearl. The rooms should be light, airy and well ventilated 
and the floors and walls should have a smooth and non-absorbent surface 
that can he easily cleaned. The dough troughs and kneading tables should 
preferably be of glazed iron and movable, so as to admit of ready cleansing 
with water. If made of wood, the inner surface should be smooth and free 
from cracks, so as to prevent the- lodgment of dough and putrescible 
material. The oven should be so arranged that no fumes can 
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-escape into tlie room iu which it opens, and the chimney should he of 
sufficient height. The bread when baked should be taken to a special room 
•and kept in such a way as to protect it from contamination. A special 
lavatory should be provided for the work-peoj)le and it should not 
•communicate directly with the bake-house, but should be quite detached. 
Ho drain or pipe directly communicating with a house drain or sewer should 
have an opening in the bake-house, and the bake-house should not have 
any windows or ventilation openings abutting on a sweeper’s passage and 
should not be situated near a privy or other potential source of conta- 
mination. The water-supply of the bakery should be from a service pqje 
•connected to the Municipal main, or from a special cistern so located as to 
admit of its being readily cleansed. Ho person should he ^permitted to 
sleep in any part of the bake-house, and no room on the same level as the 
bake-house and forming part of the same building sliould be used as a 
sleeping place, unless eifectually separated from the bake-house, hy a 
masonry partition extending from the floor to the ceiling. Lastly, the 
•utmost cleanliness should be observed in the various processes of bread - 
making and the premises and ajjpliances should be kept in a thoroughly 
•clean and sanitary condition. 

UEder section 394 of tlie City of Bombay Municipal Act, 
no place can be used as a bake-house unless it is licensed, 
nnd the provisions mentioned above are being gradually 
•enforced in the case of all such establishments where bread, 
biscuits, etc., are prepared on a large scale. But besides 
these regular bakeries, there is a number of small shops in 
■chawls and dwelling houses at which biscuits, etc., are 
prepared in small quantities and sold on the spot. The 
rooms are partly used for hmnan habitation, and in each of 
them there is an oven without any outlet for smoke. In 
such places the flour is kneaded in iron or tin trays, which 
are afterwards covered over with more or less dirty gunny 
bags to protect the unbaked biscuits from dust and 
flies. 


Such small bakeries are somewhat akin to what are 
•described as “ retail bake-houses ” in section 102 of Part 
V of the English Factory and Workshop Act, 1901. They 
■cannot be expected to be brought all at once up to the 
European standard, and in their case the following require- 
ments are demanded with a view to ensuring, as far as possible 
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the preparation of bread and biscuits under fairly whole- 
some and sanitary conditions 

(a) Baking shall be done in a detached building and not inside 
any chawl oi' a dwelling house. 

(li) All the walls and ceiling of such a bake-house should be lime- 
washed three times a year, in the months of January, May 
and September. 

(c) The floor of the room should be paved with fine dressed stone- 
slabs, cement or tiles. 

{(1) The iflace should not be used as a sleeping room. 

(e) No water-closets or privy should be within the bake-house or- 
communicate directly with it. There should be separate 
cisterns or water-supply from the cisterns supplying water- 
closets. There should be no drain connected with a sewer 
inside the bake-house. 

(/) The kneading of the flour should be done on clean, smooth 
wooden, zinc or marble tables. 

{(/) Tlie flour sliould be stored in l)ags, which should not be placed- 
on the ground but on a bench or table, 

(/i) The size of the oven should be such that it should occupy less 
than half the accommodation in the room ; and it should be ■ 
provided with a suitable chimney. 

Barbers’ Shops. 

There are two classes of barbers’ shops : (1) hair cutting 
and shaving saloons, and (2) JiamamManas where baths 
(hot or cold) are provided. 

A few saloons are satisfactory, but the great majority- 
are not. 

On inspection many of the saloons were found in a very- 
dirty condition with tables covered with dirt and dust;, 
shaving brushes and soap receptacles filthy, combs and hair- 
brushes never cleaned, and visitors provided with dirty 
aprons and tow^els ; wash basins were in a filthy condition, 
and discharged into dirty buckets, not connected to the- 
drain. No arrangements existed for jiroper wet sweeping, 
or collection of the hair in covered recej)tacles. 

The conditions necessary with regard to air space, 
ventilation, light, cleanliness of aprons, towels, etc.,. 
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sterilization of razors, liair braslies, combs, etc., are enforced 
under tbe license. 

As regards liamamkbanas, they are all kept by 
Mabomedans and are patronized by tbe same class of people. 
These hamamkhanas consist of two or three bathing cubicles 
with dirty and filthy walls and imperfect drainage arrange- 
ments, Where these bathing arrangements are so defective 
as to be dangerous to health or likely to create a nuisance, 
action is taken under section 394 (1) (d) {ii) of the Municipal 
Act. 

Besides the saloons and hamamkhanas, there are itinerant 
barbers sitting in public streets or moving from house to 
house. Their towels and aprons are seldom washed and the 
same cloth is used for months together. It is necessary to 
bring this class of people under control as well ; clean aprons, 
towels and brushes should be enforced. 

Steps are taken to ensure that all the hamamkhanas throughout the 
City comply with the following standard.s : — 

(i) The cubicles for bathing should be well jjaved with fine-dre-ssed 
stonc-8lab.s and properly connected to the drain. 

{ii) Lime-washing of the premises should be done every 3 months, 
ijiii) A clean towel should bo su 2 )plied for each bather. 

{iv) The ajDrons used for hair cutting or shaving should be clean. 

(i;) A proper covered receptacle of a standard pattern should be 
provided for depositing hair, etc. 

( vi) A cistern of the standard pattern ai)proved by the Municipality 
with proper cover should be provided for water-sujiply to the 
bathers. 

{vii) Im23lemcnts used for hair cutting and shaving .should he properly 
cleaned and disinfected after each use. 

In the city of Paris the following rules are enforced : — 
Cutting instruments should be washed in a 1 per cent, 
solution of carbonate of soda and wiped with a dry cloth. 
The combs and shaving brushes should be freed from accu-r. 
mulated grease each evening by washing them in ammoniated: 
soap water. Metallic instruments should be passed rapidly 
through a flame before being used again. Brushes and combs, 
sbonld be kept in a hermetically sealed retainer containing- 
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a saucer of 40 per cent, solution of formalin. Toilet powder • 
should be applied only by means of a pad of sterilised cotton 
wool wbicb should be destroyed at once. Barbers must be 
forbidden to sharpen their razors by stropping them on the 
palms of their hands. Begular customers should have their 
own individual apparatus kept for their use alone. 

“Syphillis, Farunculosis, Tinea and perhaps Alopecia 
and other contagious diseases of the skin and scalp are not 
infrequently transmitted at the barbers’ shops.” 


•Sec. 394 oii- the City op Bombay Municipal Act. 


394. (1) Except undepv and in oonpormity with the 

TERMS AND CONDITIONS OP A LICENSE GRANTED BY THE 

Commissioner no person shall — 


(a) keep in or upon any premises for any purpose 
whatever — 

(j) any article specified in Part 1 of Schedule 21, vis., 

Blood, Gun-cotton. 

Dynamite, Blasting powder. 

Fulminato of mercury. Nitro-glycerine. 

{ii) any article specified in. Part II of Schedule 21, in excess 
of the quantity therein prescribed as the maximum 
quantity of such article which may at any one time be 
kept in or upon the same premises without a license ; 


Article. 


Maximum quantity which may be kept 
at any one time without a license. 


Bidi leaves 

Celluloid 

Celluloid goods 
Cinematograph films 

Chemicals 

Cotton refuse and waste 

Cotton seed 

Ghee kept for sale . . 

Gunpowder . . 

Matches for lighting 

Methylated spirit 

Paper stored for sale as waste paper 
Petroleum, as defined in the Indian 
Petroleum Act, 1899 


4 cwts. 

4 cwts. 

4 cwts. 

'20 lbs. 

4 gallons. 

4 cwts. 

4 bags not exceeding 4 cwts. 

4 cwts. 

5 lbs. 

1 gross boxes. 

10 gallons. 

4 cwts. 

40 gallons. 
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Maximum quantity which may be kept 
Article. at any one time without a license. 

Dangerous petroleum as defined in the 

same Act . . . . . . .... 20 gallons. 

Oil (other sorts) . . . . . . . . 15 gallons. 

Saltpetre . . . . . . . . • • 1 cwt. 

Tar, pitch or dammer . . . . • • i 

Turpentine 1 gallon. 


(6) keep in or upon any premises for sale or for otlier 
tKan domestic use, any article specified in Pavt 
111 of Schedule M. viz . — 


Ashes, 

Fireworks, 

Hoofs, 

Bamboos, 

Firewood, 

Horns, 

Bones, 

Fish (dried). 

Jute, 

Carbide of calcium. 

Flax, 

Offal, 

Charcoal, 

Grass, 

Bags, 

China gras.s. 

Gunny bags. 

Skins, 

Coal, 

Hair, 

Straw, 

Cocoanut fibre. 

Hay. 

Tallow, 

Coke, 

Hemp, 

Timber, 

Bat, 

Hides (raw). 

Wool (raw) 

Fins, 

Hides (dried). 



(c) keep or allow to be kept, in or upon any premises, 
horses, cattle or other four-footed animals — 

(i) for sale, 

(ii) for letting out on hire, 

(Hi) for any purpose for which any charge is made or any 
remuneration is received, or 
(iv) for sale of any produce thereof ; 

(d) carry on, or allow to be carried on, in or upon any 
premises' — 

(i) any of the trades or operations connected with trades 
specified in Part JV of Schedule M. viz . — 

Baking, 

Casting metals. 

Dyeing cloth or yarn in indigo or other colours. 
Keeping of eating houses. 

Keeping of hair dressing saloons or barber’s shops. 
Tanning, pressing or packing hides or skins, whether 
raw or dried, 


66 
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Manufacturing, packing, pressing, cleaning, cleansing 
or preparing by any process whatever any of the 


following articles : — 


jErated Waters. 

Dammer. 

Oilcloth. 

Blasting Powder. 

Dynamite. 

Paper. 

B i d i a (indigenous 

Fat. 

Pitch. 

cigarettes). 

Flax. 

Pottery. 

Bones. 

Fireworks. 

Rags. 

Bricks or tiles. 

Gas. 

Soap. 

Candles. 

Ghee. 

Sugar. 

Catgut. 

Gunpowder. 

Tallow. 

Cotton or cotton refuse 

Lime. 

Tar. 

or cotton seed. 

Matches for lighting. 

Vegetable oil. 

Cowdung cakes. 

Offal. 

Wool. 


(ii) any trade or operation which in the opinion of the 
Commissioner is dangerous to life, health or property, or 
likely to create a nuisance either from its nature, or by 
reason of the manner in which, or the conditions under 
which the same is, or is proposed to be carried on. 

(2) A person sliall be deemed to have known that a trade 
or operation is, in the opinion of the Commissioner 
dangerous or likely to create a nuisance within the meaning 
of paragraph (n) of clause (d) of sub-section (1), after written 
notice to that effect, signed by the Commissioner, has been 
served on such person or affixed to the premises to which it 
relates. 

(3) It shall be in the discretion of the Commissioner — 

(ft) to grant any license referred to in sub-section (1), subject to 
such restrictions or conditions (if any) as he shall think fit to 
prescribe or 

{/>) to withhold any stich license. 

(4) Every person, to whom a license is granted by the 
Commissioner under sub-section (3), shall keep such license 
in or upon the premises to which it relates. 

(5) Nothing in this section shall be deemed to apply to 
mills for spinning or weaving cotton, wool, silk or jute or to 
any other large mill or factory which the Commissioner 
may from time to time with the approval of the Standing 
Committee specially exempt from the operation thereof. 



CHAPTER XII. 


Village Sanitation. 

India is a conglomeration of villages. Unfortunately 
these villages are built without proper selection of site and 
the houses are generally closely aggregated together without 
the provision of sufficient open spaces between and around 
them and without proper roads and passages. Often there 
is no conservancy arrangement or efficient drainage and 
a good and copious supply of water is also not available. 
The ignorance of the people in the elementary principles of 
sanitation and their age-long insanitary habits conduce to 
make the villages still more insanitary. At times, mud, 
clay or gravel required for building the houses are obtained 
by making excavations in the neighbourhood of houces 
and the pits thus formed are used for depositing rubbish 
and become also breeding places for mosquitoes on account 
of collection of water. 

Sanitation of villages in India is, at present, under the 
control of the District and Union Boards, The number of 
the latter however is not sufficiently large, and their revenue 
is also insufficient to enable them to undertake elaborate 
schemes for the improvement of the villages. In Bengal 
under the Bengal Village Self-Govermnent Act a large number 
of village Union Boards are created, which work in union 
with the District Local Boards, 

It is not possible for each village to have its own 
sanitary stafi. It is therefore advisable for a group of 
villages to combine and provide an administrative organiza- 
tion comprising of a medical officer of health with a staff 
of sub-assistant surgeons, sanitary inspectors, nurses, vac- 
cinators, muccadums, sweepers and other menial staff. The 
sub-assistant surgeons and vaccinators should be trained 
in sanitation and anti-epidemic work. They should be 
provided with an emergency outfit containing niediciues 
for the treatment of common diseases like malaria, dysentery. 
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diarrlioea. etc., and clisiniectanfcs for treatment of suspected 
wells and for the disinfection of infected houses. 

The medical staff and their subordinates should visit 
Xieriodically all the villages within their respective areas 
and take steps to keep them clean and healthy. Arrange- 
ments should be made, for the prompt notification of 
outbrenk of an infectious disease being sent to the 
nearest Police Station or Sanitary Inspector through special 
me.sscngors. Wherever possible, stamped and addressed 
print(‘d cards of different colours signifying different infectious 
disease's should be provided to the chowkidars or the village 
Head i\[en with, instructions to post the proper kind of 
card on tlit? occurrence of the first case of the disease. 

Attention should he given to the Maternity and Child 
Welfaie. Work in the villages, and trained nurses should be 
eugag<-il to guide and supervise the work of dais. The 
nurses diould instruct the dais in the piuiciples of aseptic 
midwii'ery and particularly to wash the eyes of the infants 
imniediatidy after birth to lessen the incidence of blindness 
through Ophthalmia Neonatorum. As nearly 20 per cent, 
of the total l)lindness in India is attributed to this cause, 
the imporlama^ of training the dais in the prevention of 
this disease is evident. Facilities for the removal of women 
in difficult lahour to the nearest Hospital should also be 
provided. 

The commonest disease whi(di prevails in villages is 
malaria, and its prevention therefore is a matter of vital 
importance;. The broad principles in the prophylaxis of 
this disease are the same in the case of cities, towns, and 
villages, and the student is referred to the chapter on Malaria 
and Mos<juitocs in regard to them. But it is necessary 
to bear in mind, that tbe residents of villages are both 
poor and ignorant, and can ill-afford to have mosquito-proof 
houses, mosquito curtains, electric fans, and other appliances 
to protect themselves against the bites of mosquitoes. Main 
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reliance should therefore be placed on reducing the number 
of oases by free distribution and administration of quinine, 
plasmoquine, etc., and lessening the number of anophelines 
in and around the houses. It is necessary to draw attention 
again to what has been said above, regarding the evil habit 
of excavating earth from the neighbouring land for the 
construction of houses. Such excavations act as breeding 
places for mosquitoes, and serve to spread malaria. All such 
excavations and low lying places holding water should be 
filled in or drained. No inhabitant should be allowed to dig 
an excavation for building material less than a mile distant 
from tht,^ village boundary. The introduction of fish in 
wells would be a valuable anti-malarial measure. 

Care should be taken to build the houses on a 
regular plan, with jauper arj-angements for light, ven- 
tilation, and open spaces, .ft is desirable to have cement 
floors in the houses, but if tlie floors are inade of mud, 
as is usually the case, the mud should be dug up 
periodically and removed, and a layer of fresh mud 
should be put on . On no account should the floors be smeared 
with cowdung. Surface di-ains for the removal of rain water 
and slo]) water should be provided. Eeceptacles for storing 
the water-SLipiily shoidd not be left uncovered. A village 
Improvemeiit >Schcme may be started by designing proper 
streets, by preventing rebuilding of houses coming within 
the proposed set back lines of street, opening out congested 
areas, etc. This will not be difficult in villages as land is 
plenty and cheap . 

The question of providing a pure water-supply in villages 
is important. Tube wells would be ideal for the piupose. 
But if funds do not permit of such wells being sunk, then 
ordinary taiffis and wells should be constructed. It is 
necessary that these sources of water-supply should be jiro- 
tected from human and animal pollution. No cattle shoidd 
be allowed to have access to them, and no bathing and 
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washing of clothes and utensils should be permitted nea.r 
these places. A special bucket with a chain or rope should 
be provided for diwing the water and no other vessel or 
rope should be allowed to be used for the purpose. It 
would be an improvement to cover all open wells hermeti- 
cally, pumps being provided to draw out the water. In the 
case of tanks it would be a good arrangement to fix a 
pipe in the centre and draw out water by that means. 

The efficient conservancy of villages is a very important 
hut soiuewliat difficult problem. Many villages have no 
latrines and the people have become habituated to the use 
of any open space, or banks of tanks, rivers or water- 
courses for purposes of nature. Owing to this pernicious 
habit, Diany water-borne diseases particularly cholera, typhoid, 
and dysentery, and intestinal parasites — notably hook-worm — 
are spread. House refuse, dung, slop water, etc,, are indis- 
cruoinately thrown anywhere at the back of the houses, and 
allowed to accimiulate in heaps. The result is that decom- 
position sets in, offensive odours are given ofi and flies breed 
in abundance. The remedy is to provide separate public 
latj’ines for males and females in the proportion of one seat 
for every 30 inhabitants and to insist on the people using 
them. The site of these latrines should be carefully chosen 
and .should be easily accessible. The washings from the 
latrines should not contaminate any sources of water-supply. 
A sufficient number of siveepens should be engaged to clean 
tliese latrines — in a village of 500 inhabitants ten will be 
sufficient — and the night-soil should be conveyed some dis- 
tance and disposed ofl either by incineration or by shallow 
trenching. If regular latrines cannot be constructed on the 
score of expense, then trench latrines properly screened ofl 
should be provided. For this jmrpose, a plot of land should 
be secured and divided into two portions. For 500 persons, 
a trench ten feet long, ten inches unde and twelve inches deep 
will suflicc!. A trench of this length can be screened offi into 
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four seats. There should be a sweeper in attendance to cover 
the excreta with sufficient earth, which is piled up on the 
side. When the trench is filled up a smiilar trench should be 
dug further and so on till the whole land is used. Portion 
of the land not in use should be utilized for cultivation. 
House refuse, waste food and refuse from stables should 
also be carried away and burnt or it may be utilized 
for reclaiming low land and hollows. In the latter case the 
refuse should be covered up with two or three inches of earth 
on the top. If the Local and Union Boards have not got 
sufficient funds at their disposal, it is the duty of Government 
to aid them with grants. Any money spent for the improve- 
ment and sanitation of villages will always be well spent. 

Lastly to ensure the success of sanitation hi villages, 
it is of the utmost importance to educate the general public 
particularly in the elementary principles of hygiene and 
public health. General education of the masses should no 
longer be delayed. It behoves Govermnent with the help 
and co-operation of the various health and social service 
leagues, to seriously take up this matter, and to set apart 
adequate funds for imparting free primary education to the 
masses. The rising generation of school children should be 
stimulated by rew^ards and special prizes to take an interest 
in sanitary studies, and primary hygiene should form part of 
their curriculmn. 

The best way of educating the illiterate public in 
villages is by means of lectures on sanitary matters 
delivered in simple homely language illustrated by lantern 
slides or Cinema shows. In order to indelibly impress 
these lessons on their minds, it is necessary to present both 
sides of a picture to them. Por instance when speaking on 
healthy dwellings, they should have a clear grasp of the ad- 
vantages of light, air, ventilation and cleanliness, and the 
disadvantages of living in overcrowded, ill-ventilated, dark, 
and filthy houses. It should be brought home to them 
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tliat in tlic former class of buildings people and particularly 
infants have a chance of longer lives and in the latter 
kind of houses people die c[uickly and in large numbers. 
The dangers of insanitary habits and pollution of water- 
supplies should be illustrated to them. Baby weeks and 
health exhibitions should also be frequently arranged. 

In times of epidemics, instructions could be usefully 
imparted by means of leaflets and illustrated posters showing 
the dangers caused by flies in spreading diseases and the 
methods of suppressing them, the dangers from rats and the 
means to exterminate them and explaining simple measures to 
lie taken when a case of small-pox or cholera occurs. It 
would also prove of very great use to give them simple and 
illustrated lectures on mosquito and malaria, and to teach 
them to recognize mosquito larvae and how to destroy them 
by means of larvicides, such as kerosene oil. In this way 
each village could form a mosquito brigade of its own, and 
do a great deal of good in preventing the incidence of 
malaria. 


CHAPTER XIII. 


School Hygiene and Medical Inspection op Schools. 

School Hygiene. 

The question of school hygiene and. its importance in 
regard to the welfare of the nation is coining into prominence, 
as its far-reaching influence is now more fully appreciated hy 
the public. The latter now realise that attendance at school 
is necessary not only for the purpose of acquiring varying 
degrees of proficiency in the subjects usually embraced by 
school curricula but also, that concurrent with the absor2>tion 
of such Imowledge, the student should learn how to live : in 
fact, that he should acquire at least an elementary know- 
ledge of personal and domestic hygiene and thus be enabled 
to appreciate his duties both to himself and family and also 
to his neighbours. 

For two reasons at least, therefore, school jiremises should 
lie constructed and maintained in a high degree of efifici- 
ency ; first, in order that the present and future health 
of the scholars may, in no Avay, be jnejudiced ; and, secondly, 
that by the constant association of school life with order, 
cleanliness, good ventilation and general high standard of 
sanitation, the student may acciuire both by jDractice and pre- 
cept, a knowledge of the value of such surroundings and be 
the better able to reach and maintain a similar standard 
in his own home and viemity. Practically, all the great 
cities of England are now spending large sums in educating 
a generation who had not the advantages now offered to 
the elementary-school boy, imparting to them the simple 
fact that cleanliness, free ventilation and light are the three 
principal agents in reducing sickness and death-rate. 

The present generation of scholars are more fortunately 
situated in that they are acquirmg that knowledge at a 



1034 


Sanitation in India. 


period of life wlien the impression conveyed is more apt to 
take root and he remembered. 

Apart altogether, however, from the educational value of 
good schools, such institutions not only promote the growth 
of healthy children, hut very greatly diminish the spread 
of the mnotic divseases, so fatal to childhood, and of con- 
tagious diseases, such as ringworm, ophthalmia, scabies, etc. 
The influence on eye-sight is discussed further on under 
the heading " Light and Ventilation.” 

Site and Surroundings. 

in dowsing a site for a new school, one of the first consi- 
derations is that it should be so located as to afford easy 
means of access to the scholars attending it, and consequently 
be. in a more or less central position. A noisy site is parti- 
cularly undesirable not only on account of the difficulty in 
teaching, but also because of the natural lack of concentra- 
tion of thought which it causes in young children. iFor this 
reason, for all new schools a quiet site should be selected, and 
if such cannot be obtained, the building should, if possible, 
be set bad? from the main street, preferably 60 feet at least. 

In Indian towns many schools are situated in chawls 
or over shops or factories, in main thoroughfares, where 
throughout the day the noise of traffic, of itinerant vendors, 
or of trade jirocesses serves to distract the already feeble 
attention of the child from the subject in hand. Others 
again are in close proximity to basket privies, wood depots, 
milch tattle stables and (IJiobi-ghala. 

Of course, it must be recognised that the majority of 
buildings or parts thereof occupied as schools in India were 
not originally constructed for that purpose, but have been 
rented probably on account of convenience of situation and 
lack of the necessary funds for erecting more modern build- 
ings. One cannot however but record the impression that 
those considerations have out-weighed the necessity for due 
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concern as to the physical welfare of the scholars, and that 
buildings have been occupied as schools which are totally 
unsuited to the purpose. 

In regard to the construction of new schools, it may be 
talren that the site area should average ^ acre for every 260 
children. The modern tendency is to have a large central 
hall in which all the scholars can meet, and from this hall 
class rooms open. Where ground space is not of prime con- 
sideration, this central hall may be completely isolated from 
the class rooms but, where the site is limited, the hall should 
be separated from the class rooms by corridors open to natural 
ventilation. In either instance, the hall should be of such 
a size as to give a floor space of 4 square feet per scholar 
and be thoroughly well lighted and ventilated. Where ground 
is cheap and available, all the class rooms should be on the 
ground floor, but as in large cities this is practically impos- 
sible, upper storeys must be provided, though it is desirable 
that a public elementary school should not exceed two storeys 
in height. 

In India, advantage should be taken of the climate, and 
“ open air” classes encouraged as much as possible. 

Cubic space per head . — In regard to the proper allow- 
ance of cubic space per head, much will depend on the climate. 
In colder climates a greater allowance of cubic space per head 
must be made, since the removal of the vitiated air cannot 
be carried out so often in any given time as in the warmer 
climates, unless the air be artificially heated prior to introduc- 
tion into the school-room. The minimum cubic space laid 
down by the Educational Department in England is 100 
cubic feet per head, while the London School Board require 
130 cubic feet. Even this amount is on the small side, and 
Newsholme, Medical Adviser to the Local Government 
Board, considers that 150 cubic feet should be the muiimum. 

On examining 125 schools in Bombay, judged by the 
standard of the English Education Department, no less than 
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61.4 per cent, of tlie schools fell below the recxuirenieiit, viz., 
100 oiibio feet per head. Etch if we make allowance for the 
difference in climate and adopt 90 cubic feet per head as 
a minimum, we still find a large number of schools with 
<piite inadequate space. In some instances the cubic space 
per licad fell as low as 20 cubic feet. In nine cases it was 
iaelow 40 cubic feet, and in 15 instances the cubic space 
provided was between 40 and 50 cubic feet. The significance 
of these figures will be dealt with under ventilation. 

Floor are.a }>er Under the English Education re- 

quirements. 10 square feet per head must be provided, and 
for infants an average of not less than 9 square feet is accept- 
ed. hJewsholmt^ suggests as a minimimi 15 square feet. 
Taking the re(p-iir(nn(3iits to be 10 square feet, we find that 
OJ.X jicr cent of the Bombay schools failed to reach this 
stundard. and in one instance the amount provided was as low 
as .4.1 sijuare feet, an amount totally incompatible with 
proper venlilaiiou and personal comfort. 

Light and Ventilation. 

Light . — ^The importance of good light cannot be over- 
e-Rtimatcd, as any deficiency thereof is one of the chief causes 
of defective sight. The focal length of the normal eye for 
reading all ordinary type is about 12 to 14 inches, and for 
writing about 14 to 16 or 18 inches according to the size 
and cliaracter of the writing. If the light be defective, the 
scholar, not being able to read clearly at the proper distance, 
.stoops to lessen the distance, with the result that the eyes 
converge and the muscular strain thus produced leads to a 
gradual elongation of the aiitero-posterior axis of the eye- 
ball resulting in Myopia, i.e., the image of tlie object seen 
forms ill front of the retina (unless the object itself is very 
close to the eyes) and is very blurred and indistinct. More- 
over, holding the head down over the book or paper tends 
to coiige.stion of the vessels of the eye and general impairment 
of sight. 
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In an}’’ room the light should come directly from the sky, 
and no part of a room may be deemed sufficiently lighted 
from which a certain extent of the sky cannot he seen. In 
large cities, it is of course a matter of great difficulty sometimes 
to obtain this standard. In a building several storeys high, 
forming part of a street, the opposite houses of which are 
of the same height, each room is divided into two regions of 
different degrees of illumination by a plane formed by a line 
drawn from the ridge of the roofs of the opposite buildings 
and the upper borders of the windows ; below this plane 
the light is sufficient or, at any rate, is skylight, above it is 
insufficient, being diffused and reflected, not direct. In the 
upper rooms of the buildings, this plane strikes the opposite 
wall and in these rooms the whole of the occupied part of 
the room is in the light ; but in the lower rooms this plane falls 
not on the wall but on the floor and a greater or less portion 
of the floor space ’will be in relative darkness and unfit for 
reading, wnitmg or needlewnrk. Noav, the intensity of the 
light in a room dejiends on two factors ; (1) the angle of in- 
cidence. Forster is of opinion that light should fall on the 
floor at an angle of not less than 25°, as the intensity dimi- 
nishes inversely as the square of the area over which it is 
distributed, the increased obliquity of the incident rays 
reducing the mtensity of the light ; and (2) the angle of aper- 
ture, or the arc of sky visible at any given point in the room. 
This angle is greatest in the upper rooms and diminishes as 
we proceed downwards, until on the ground floor it may 
vanish altogether. It should never be less than 5° of an arc 
in any part of the room. The necessary amplitude of angular 
aperture is to be sought by increasing the height of the rooms, 
by carrying the window-heads nearly to the level of the 
ceiling, (the sills being 4 to 5 feet above the floor), by regula- 
ting the width of the rooms (this should on no account be 
greater than 2| times the height of the windowheads from the 
•floor, which ratio gives an angle of 25° to the rays reaching 
the floor on the farther side of the room), and lastly, by 
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avoiding the proximity of buildings on the side from which 
light is derived. 

Under modern conditions of life, specially in. towns, one of 
the most important problems is how to obtain a sufficiency 
of light and air. The usual practice is to adjust the height 
of buildings to the width of the streets. 

The London Building Act of 1894 prohibits the raising of 
buildings in streets higher than the width of the street. 

As regards light and air in the rear, by the same Act an 
angle of 63|° is provided for. 

The Bombay Municipal Act provides for an angle of 46® 
in regard to new houses. This angle predominates in many 
continental cities also. 

This rule, however, applies to frontages only, and if all 
classrooms abutted on a frontage the light would perhaps be 
sufficient, but in many of the rooms in Indian schools, the 
light is derived not from a frontage but from a side-gully, 
or even in some instances via another room. In such a 
case the angle of aperture is nil, it being a physical im- 
possibility to see the sky from any portion of the interior 
of ibo room. 

In other cases the only light available comes from directly 
in front of the scholars. As a general rule, so long as light 
doe.s not fall on the eyes either directly or by reflection, it 
can scarcely be too strong. The admission of direct sunshine 
into a school-room is undesirable, and for this reason a 
southerly aspect is to be deprecated unless there are 
windows on the north side also, m which case the former 
may be of ground or tinted glass. If the window space 
be ample and there be no obstructive buildings, a north light 
is agreeable ; windows facing east and west are to he recom- 
mended, since in rooms so arranged there is no direct sun- 
light during school hours for the greater part of the year. 
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In schools the seats should he so arranged that the strongest 
light comes from the left hand side of the scholar ; when 
such light is impossible, the next best is right light. Win- 
dows full in the face of the scholar are most objectionable. 
This is a point to which but little attention seems to be paid 
in Indian schools. The window sills should be placed no 
more than 4 feet above the floor, and the window should 
reach nearly to the ceiling and be made to open direct into 
the external air. Although opposed by some, a strong argu- 
ment in favour, of cross-lighting from east and west is that 
the angles formed by the rays of the light with the floor 
from opposite sides are added and the intensity of the light 
is thereby doubled. 

Ventilation . — The larger the air space, the less is the 
necessity for the frequent renewal of air and the less the 
chances of draught. Thus a space of 100 cubic feet must 
have its air changed 30 times in an hour if 3,000 cubic feet 
are to be given, while a space of 1,000 cubic feet need only 
have it changed three times. The warmth of the moving 
air greatly influences the sensations of the persons exposed 
to it. At the temperature of 60° Fahrenheit, a rate of 1-|- feet 
per second is not perceived 3 feet per second is perceptible 
to most and a rate of 3|- is perceived by all, and any greater 
speed than this will give a sensation of draught. If the air 
be about 70°, a rather greater velocity is not perceived, while 
if it be still higher — 80° to 90° Fahrenheit — the movement 
becomes again more perceptible. In the climate experienced 
in Bombay the change of air could be carried out at consi- 
derably greater speed than in a colder comitry, and conse- 
quently a smaller initial cubic space is required. Considera- 
tions of expense render it practically impossible to provide 
the theoretical amount necessary, viz., 1,000 cubic feet of 
space per head. In Canadian schools an allowance of 250 
cubic feet per scholar is insisted upon ; in Poor Law schools 
in England, 360 cubic feet. These amounts are based on the 
minimum requirements of a cold climate, and are probably 
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in excess of tlie minimum amount, necessary under tlie condi- 
tions existing in Bombay, where 90 cubic feet per bead 
might be accepted as a standard. 

It should be remembered that the air supplied is fre- 
((ueiitly derived from tainted sources, through windows open- 
ing into common gullies in which are situated basket privies 
and in which decomposing food lies and into which all the 
household refuse is thrown resulting iu choked drains. Apart 
from this, in many of the gullies, the air is practically stag- 
nant owing to obstructive buildings. 

It is obvious that for school purposes a building requires 
something mor(' than mere compliance with Municipal by- 
laws, and that if projier light and ventilation are to be secured, 
a He])arate standard should he set up in regard to these two 
necessities. The area of the windows clear of the sash panes 
should l)f‘ from one-fourth to one-sixth of the floor space, and 
wherever possible the rule should be observed that lines 
drawn from the bottom of the wall of the school building to 
the to(»s of the nearest adjacent buildings should not make 
greater angle than 30° with the horizon. 

" ( )peu air ” classes are now commonly in use and should 
be valuable in India. The class rooms should be so construc- 
ted that at least three sides of it may be thrown completely 
ojan. Bimplicity in construction with the provision of plenty 
of open ,sj)ace unrl fresh air should be the aim. 

Oj»en air cla,sses .should be particularly useful for certain 
classes oi cliildren rk : those suffering from malnutrition, 
rickets or anannia ; delicate children from the house wdiere 
there is an open case of Phthisis ; children wdtli tuberculous 
glands in the necic ; convalescents from debilitating diseases 
or after operations for glands in the neck, etc.; certain types 
of crippled children, nervous and highly strung children 
and those with myopia. 
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Sanitary Conveniences. 

The provision of proper sanitary conveniences is an 
important matter, as the absence of proper accommodation 
leads to the formation of undesirable habits. In many of the 
schools, the scholars, in the absence of a urinal, regularly use 
the mori as a urinal. As already suggested, attendance 
at school should involve more than the absorption of the 
elementary principles of Algebra, Euclid, etc., etc. ; the scholar 
should also assimilate the knowledge of the benefits to be 
derived from fresh air, light and good sanitary conveniences 
It is but reasonable to suppose that, if he has been accustom- 
ed to plenty of air and light at school, and has experienced 
the advantages of the rapid removal of excreta from the 
premises by the water-carriage system over the old method 
of leaving such excreta in the immediate vicinity of the house 
and thereby poisoning what little air is available, he will 
become dissatisfied with the older insanitary methods 
under which the majority of the inhabitants live. Con- 
versely, if in childhood and youth he has become accustom- 
ed to insanitary habits acquired at school, owing to absence 
of necessary accommodation, the incentive to elevate him- 
self and improve his surroundings is absent. For this reason, 
and also on account of the prejudicial effect on his health 
while at school under such conditions, it is as essential as 
any subject in the curriculum that water-closets in sufficient 
number and urinals of modern pattern should exist in all 
schools ; otherwise the student, who at that age is parti- 
. cularly receptive of impressions, will probably base his sta^nd- 
ard of liviag on the lines apparently recognised as suffi- 
cient and proper by the school managers. The use of the 
mori as a uriaal should be absolutely prohibited. In all 
mixed schools, separate closet accommodation should be 
provided for the two sexes — a requirement which is not 
observed in certain of the existiug schools. 

C6 
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Tlie following table shoivs tbe number of closets 
required : — 

Number. Seats. 

Girls. Boys. 

under 30 diildren . . . . 2 1 

„ 50 „ .. ..3 2 

„ TO „ .... 4 2 

„ 100 ., . . . . 5 3 

„ 150 ,, . . . . 6 3 

,, 200 „ . . . . 8 4 

„ 300 „ .. ..12 5 

„ 500 „ . . . . 20 8 

For boys, urinals at tlie rate of 4 XJer cent, are necessary 
in addition. 


Class Rooms. 

Tbe walls of the room should be tiled or painted so as 
to permit of regular wasbuig ; tbe colour should be a pale and 
subdued one, e.g,, greenish grey. The junction of the wall 
with the floor and ceiling should be rounded, so also the 
junction of one wall with another, in order to facilitate 
cleansing. 

The floor should be of concrete or tiles, which should be 
thoroughly washed every day. In many schools the floors 
are of koba and are consequently cold. 

All staircases should be at least 5 feet wide with a door 
at the bottom opening outwards. 

Desks . — The bulk of the schools in Indian cities do not 
contain any desks at all. The provision of desks involves a 
large expenditure if they are of the proper pattern ; and it 
is most important that they should be of the correct ppsition 
and pattern, as this has an intimate bearing on the growth 
of less vigorous cMldren, faulty position leading to rounded 
shoulders, imperfectly developed chests and spinal curva- 
ture. 
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Desks skould be arranged parallel to one another at right 
•angles to the windows and, wherever possible, should be 
placed in the space intermediate between two wdndbws. 
The desks should be from 16 to 18 inches broad and have 
a slope of about 15° for writing and 45° for reading. 

The seats must be of such a height as to allow the scholars’ 
feet to rest on the floor and be broad enough to support the 
greater part of the thigh. They must have a back placed at 
such a height as to fit the hollow of the back below the 
shoulder blades and support the body in a vertical position. 
When used in writing, the edge of the desk must overhang the 
edge of the seat by an inch or tw'o, in order that the scholar 
shall not need to stoop forward. Either the desk or seat 
must be movable at pleasure, so that, although the desk 
usually overhangs the seat, the scholar may be able at any 
time to stand upright in his place. 

Clodic, rooms . — In India possibly this ’accommodation 
may be thought unnecessary, but a room should be provided 
wherein to place umbrellas and cloaks used during the mon- 
soon period. Cloak rooms should be provided and should 
he capacious, well-ventilated and fitted with numbered pegs 
■at intervals of at least 12 inches. 

Water-supply . — In the majority of schools in India, water 
•appears to be stored in earthenware chatties , placed in a 
variety of situations, most usually the mor-i, drinking cups 
being used in common by the scholars. This custom may 
be a means of spreading infective throat troubles unless the 
most careful attention is paid to the cleanliness of the cups. 
Moreover, means should be adopted to obviate the necessity 
of dipping the cup into the chatty in order to obtain water. 
The best way is to store water in a copper vessel with a dight- 
fitting cover and a tap attached below through which the 
water may be drawn out. in a school with many scholars, 
■such a custom will obviate any contamination of the water 
which is otherwise inevitable. 
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Meals.— Tlhe practice of tlie soliolars partaking of tke 
midday meal in the same room as they have been working 
all the morning should be abandoned, as the midday interval 
is a suitable occasion on which to open all the windows and 
doors of the class-rooms so as to obtain as thorough a 
renewal of the air in the room as possible. 

Selection of Building for School. 

It is not possible that the educational needs of a city can 
be met by new buildings in every instance and consequently 
old buildings not specially designed as schools must continue 
to be used, and it is in respect of this type that a measure' 
of reform is necessary. 

Before a building is rented or leased for the purposes of a, 
school, reference should be made to the Sanitary Engineer' 
and tlie Health Officer for a certificate that the premises- 
are suited for the purpose. In granting this certificate, or 
otherwise, consideration should be paid to the lighting, 
ventilation and provision of sanitary conveniences, and in 
respect of ventilation the certificate should state maximum 
number of scholars permissible in each room on the lines of 
the Common Lodging Houses Act of England. In estimating 
this number, the present standard of the Bombay Schools 
Committee may be followed, viz., 10 square feet and 90 cubic 
feet per head, where free and adequate ventilation is avail- 
able. Intelligent co-operation on the part of the teachers is 
also necessary, as there are many instances of rooms in the' 
same building in which the number of scholars iu each 
room is in more or less inverse ratio to the respective cubic 
capacity of the rooms. This is merely want of supervision 
and co-operation ; while there would be still room for this 
the system of certifying the maximum capacity of each 
room would serve to prevent the existing gross over-crowding. 

In regard to lighting, great attention should be paid not 
only to the intensity of the light, but also to its source in 
relation to the students. The certifying officer should 
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-express an opinion as to tlie sufficiency thereof and also state 
the most suitable method of arranging the scholars, with a 
view to obtaining left light if possible and of avoiding what 
is so frequently seen, front light. In any room it is quite as 
easy to conduct a class on proper lines as on wrong ones, 
given initiative and knowledge on the part of the teacher. 
Where these are non-existent, the certifying officer can 
supply the necessary information. 

In regard to sanitary conveniences, it is of the first import- 
ance that no building should be certified until adequate pro- 
vision of water-closet and urinals has been made. In mixed 
■schools these must be separate. In connection with the 
use of water-closets, &c., much more severe discipline is neces- 
sary and no false and hypothetical religious scruples should be 
held to condone misuse of such conveniences. Until the 
youth of a city is made not only to understand the proper 
method of use, but also to put such into practice, we cannot 
hope to derive the full measure of benefit that should follow 
the introduction of Western methods of removal of excreta. 

Medical Inspection of School Children. 

Medical inspection at school concerns the State, the pub- 
lic health and the individual. 

The State requires a physical census of the children for 
the discovery of unrecognised defects, partly with a view 
to the improvement of the national physique and partly 
with a view to the preparation of all children for school life. 
It is also a national duty to arrange for the classification of 
children according to their mental capacities, and to adopt 
the educational system to the requirements of the several 
groups of children, in order to diminish the present economic 
wastage of misdirected educational efiorts. 

It is the duty of the local authorities to protect the 
individual against communicable diseases in school, to super- 
vise school buildings and to secure healthy surroundings 
for the school child. 
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Owing to ignorance, neglect, or apathy on the part of 
parents, it becomes a requirement of the merest humanity 
to bring medical aid and special educational methods within 
the reach of the individual child. 

These aims and ideas can only be attained by the intro- 
duction of a system of routine inspection of the children by 
medical men interested not only in pubhc health but also 
in education. 

School hygiene may be regarded as the latest development 
of education in its more comprehensive aspects ; it is the 
initial step in a great scheme of progress, a scheme which 
involves the improvement of the existing conditions of mental, 
moral and physical development of the children. The 
scheme also aims at the prevention of disease in childhood,, 
and at raising the standard of national physique. Its final 
goal is the development of a science of education itself. 
These aims are definite and practical and ma}’’ be summarized 
under the following heads : — 

(1) Routine medical inspection ; 

(2) Plxyaiology and psychology of ordinary educational methods, etc.; 

(3) Specifvl educational methods for abnormal children of the many 

different types — ^the mentally and physically defective, the duil 
and backward, the blind, deaf and the debilitated, etc. ; 

(4) Scientific supervision of school methods, i.e., of nursery schools,, 

school furniture, buildings, baths, ventilation, lighting, etc. ; 

(5) Physical education, including supervision of manual training,, 

gymnastic exercises, organized games, dancing, etc. ; 

(ff) Teaching of hygiene to teachers and others ; and, lastly, 

(7) Prevention of infectious diseases and attention to the sanitary 
condition of the premises. 

The duties of a medical iuspector are — 

1. To examine every child, about the time of its admission to an infant, 
school, as to cleanliness and as to its obvious physical defects. The first, 
examination should be conducted in the presence of parents and guardians. 

2. To examine in detail every child about the time of its transference' 
to the upper school, that is about seven years of age, and to decide whafe 
special educational training (if any) is suitable to the child. 
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3. To visit and inspect all classes once or twice a year, both as regards 
the general health and physique of the children and also as regards the 
conditions under which they are worldng, namely, the ventilation, lighting, 
etc., on the one hand and the amomit and kind of work, over-pressure, 
fatigue, physical exercise, manual training, etc., on the other hand. 

4. To make special visits to the boys’ and girls’ departments once 
a year for the purpose of examining all children suffering from defective 
vision and to report upon eye-disease generally. The teachers should 
best the vision of all children once a year, but the doctor’s examination can 
scarcely be undertaken at the time of his visits for other work, except in 
very small schools. 

5. To supervise the work of nurses with regard to ringworm, vermin 
and skin affections, and to visit each school once a week or once a fortnight 
for the general examination of special children selected by the teacher or 
nurse. 

6. To advise the Schools Committee upon various points of hygiene 
bearing upon educational matters, and to give definite instructions about 
the care of delicate and defective children. 

7. To give lectures to teachers and others upon School Hygiene and 
elementary Physiology. 

8. To deal with the question of medical certificates of absence given 
by other practitioners. The duty may be combined with the weekly 
visit to the schools. 

9. To investigate (if necessary) in conjunction with the Health Officer 
all epidemics and outbreaks of infectious disease in the school, and also 
to take measures to prevent not only the spread of the disease but also the 
unnecessary closure of the school. 

In 1907, an Act was passed in England and came into- 
force in January, 1908, providing for tlie medical examina- 
tion of scliool-cliildren. 

Section 80 of tEe Education Act of 1921 makes it tke 
duty of the local education authority for elementary education 
to make adequate and suitable arrangements for attending 
to the health and physical condition of children in elementary 
schools and for their medical inspection immediately before, 
or at the time of, or as soon as possible after, their admission 
to the school and on such other occasions as the Ministij of 
Health may direct. (2) Authorities for higher education 
must provide for medical inspection and may also provide 
for treatment, and (3) may on request attend to pupils of 
schools whether or not aided by them. (4) Authorities 
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are to encourage voluntary agencies engaged in the work 
referred to in this section and shall consider how far they 
can avail themselves of the services of private practitioners. 

In a memorandum on the Medical Inspection of Children 
in Elementary Schools (Circular 576), the Board of Educa- 
tion state that “the Board desire to emphasize that this 
new legislation aims not merely at a physical or anthro- 
pometric survey, or at a record of defects disclosed by medical 
inspection, hut at the physical improvement, and as a natural 
corollary, the mental and moral improvement of coming 
generations.” 

The Board add that “ while it is not expected that by 
establishing the necessary administration on the broad 
basis of public health all difficulties will be avoided, the 
Board are convinced that this is the only practicable method 
and that which is most likely to promote economy, harmony 
and efficiency.” The Board express the opinion that “ in 
county areas the County Council, which is the local educa- 
tion authority, should instruct their county medical officer, 
who will be responsible for the smooth 'and efiectual adminis- 
tration, to supervise the work, its actual execution being 
deputed wholly or partly to suitable medical colleagues 
or assistants (men or women), who either will be appointed 
specially for the purpose under him or will be local Medical 
Officers of Health and to whom groups of schools may be 
allocated. . . That is to say, generally speaking, the 
work of inspection should be supervised by the Medical 
Officer of Health of the authority which appoints the Educa- 
tion Committee ; and when the work is obviously more, 
than he can undertake unaided, it should be entrusted to 
one or more medical officers working under his supervision.” 
The memorandum further discusses the character and 
degree of medical inspection, and states that the Board have 
decided that not less than three inspections during the school- 
life of the child will be necessary to secure the results desired. 
The first inspection should take place at the time of, or as 



Medical Inspection oe School Childeen. 1049 


soon as possible after, admission to school ; the second at or 
about the third year (say the seventh year of age); and the 
third at or about the sixth year of school-life (say, the tenth 
year of age). 

The Board also discuss the subject of amelioration and 
physical improvement, for which a scheme has to be sub- 
mitted by the local education authority for the sanction 
■of the Board of Education, and in conclusion urge “ the 
progressive unification of the Medical Services.” 

The minimum req^uirements of the Board of Education 
are (1) a medical inspection of every child not less than three 
times during its school-life ; (2) the registration of the facts 
thus recorded (the register to be kept at the schools) ; and (3) 
the submission to the local education authority and the Board 
of Education of a detailed annual report of the work and its 
results. 

At the same time, both the Board of Education and the 
Local Government Board expressly stated their view that 
this work was part of the general work of public health 
and their desire that it “ should be carried out in intimate 
conjunction with the public health authorities and under 
the direct supervision of the Medical Officer of Health; ” and 
in Circular 576 they further affirm the principle that “ as far 
as is practicable the School Medical Service should be unified 
with the Public Health Service.” The advantages of such 
unification of the Public Health Services had already been 
recognized by the Inter-Departmental Committee on Medical 
Inspection and the Eeeding of School Children. 

Organization in England . — Turning to the organisation 
in England, we find that the respective functions of the 
Board of Education and the local education authorities 
are clearly defined by the Act. The duties thrown upon 
the Board consist in advising local education authorities 
as to the manner in which they should carry out the pro- 
visions of the Act and, in supervising the work they are 
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called upon to undertake, in giving suck directions as may be 
necessary regarding tlie frequency and metkod of inspection 
in particular areas, and in considering and sanctioning such 
arrangements for attending to the health and physical condi- 
tion of the children as may be submitted to them by indivi- 
dual authorities. The Board will also collate the records 
and reports made by the authorities and will present an 
annual report to Parliament. 

The duty of carrying out the annual inspection has neces- 
sarily been entrusted by Parliament to the local education 
authorities and not to the Board. Each authority must 
therefore in due course appoint such medical officers or 
additional inedipal assistance as may be required for the 
purpose. 

In view of the varied influences which afiect, directly or' 
indirectly, the health of the children of the nation, it is, 
manifestly of the highest importance that the administration 
of this Act should rest upon a broad basis of public health,, 
and should not only secure for local education authorities 
as much freedom as is consistent with adequate uniformity 
in the presentation of results for comparative puiposes, 
but should also use to the utmost extent the existing 
machinery of medical and sanitary administration, develop- 
ing and supplementing it as required, rather than supplanting 
it by bringing into existence new agencies, partially redun- 
dant and possibly competing. 

The Board view the entire subject of school hygiene, not 
as a speciality or as a group of specialities existing by and 
of themselves, but as an integral factor in the health of the 
nation. The application of this principle requires that the 
work of medical inspection should be carried out in intimate 
conjunction with the public health authorities and under 
the direct supervision of the Medical Officer of Health. The 
Local Government Board specifically require every Medical 
Officer of F-^alth to report officially upon matters relating 
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to the sanitary condition of all schools, including the 
“ action taken (by the Sanitary Authority) in relation to 
the health of the scholars and for preventing the spread of 
infectious disease ” 

School hygiene, the Board of Education observe, cannot 
be divorced from home hygiene, and this in turn is intimately 
bound up with the hygienic conditions of the community. 
Efficiency and economy require, therefore, an organic re- 
lationship between the daily work of the school authority 
and of the authority responsible for the administration of 
the wider branches of public health, including the super- 
vision of water and milk supplies, food, housing and sanita- 
tion, inquiries into matters affecting infant mortaJity (in- 
cluding ante-natal influences, home- visiting by men and 
women inspectors, sanitary and bacteriological investiga- 
tions, the provision of hospital accommodation, disinfection, 
the cleansing of verminous persons, the notification of the 
prevalence or otherwise of diseases such as Phthisis, affect- 
ing the adult population, and the consideration of social 
factors, such as the occupation of the parents, or the health- 
habits and physical conditions of the family, all of which 
have a bearing direct or indirect, upon the children’s health. 

Generally speaking, the work of inspection is supervised 
by the Medical Officer of Health or the authority which 
appoints the Education Committee ; and when the work 
is obviously more than he can undertake unaided, it is en- 
trusted to one or more medical officers working under his 
supervision. In some districts it is convenient for such 
officers to be local Medical Officers of Health holding office 
within the county ; in others, they are registered medical 
practitioners specially appointed for this purpose. Provided 
that the principle of co-operation of the medical services 
is secured in practice, and that the requisite personal and 
professional qualifications for the new work are present 
the functions of the School Medical Officer may be exer- 
cised by a Medical Officer of Health, a Poor Law’ Medical 
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Officer, a private practitioner, or as occasion requires, a 
skilled specialist. There are many cases in which women 
are likely to he specially suitable. In making such appoint- 
ments, preference is given to medical men and women who 
{1) have had adequate training in State Medicine or hold 
a Diploma in Public Health, (2) have had some definite 
experience of school hygiene, and (3) have enjoyed special 
opportunities for the study of diseases in children. 

Subsidiary agencies.— It must be distinctly understood 
that the work of medical inspection cannot be properly accom- 
plished by medical men without assistance. The teacher, the 
school nurse (where such exists) and the parents or gaardians 
of the child must heartily co-operate with the school Medical 
Officer, In whatever way the system be organized, its 
success will depend, immediately and ultimately upon the 
cordial sympathy and assistance of the teachers. 

The increased work undertaken by the State for the in- 
dividual will mean that the parents have not to do less for 
themselves and their children, but more. It is in the home, 
in fact, that both the seed and fruit of public health are to 
be found. All-round co-operation between school Medical 
Officer, teacher, nurse, health visitor and parent will prove 
both effective and economical. 

Char.aoter and Degree of Medical Inspection. 

From what has been said it will be clear that the funda- 
mental principle of the English Act is the medical examin- 
ation and supertision not only of children known, or sus- 
pected, to be weakly or ailing, but of ail children in the 
elementary schools, with a view to adapting and modifying, 
the system of education to the needs and capacities of the 
child, securing the early detection of unsuspected defects, 
checking incipient maladies at their onset, and furnishing 
the facts which will guide education authorities in relation 
to physical and mental development during school-life. 
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The directions given in the circular issued by the Board! 
of Education as to the degree and frequency of inspection 
refer only to the minimum medical inspection, the effective- 
ness of which is to be one of the elements to be considered 
in determining the efficiency of each school as a grant-aided 
school. They are not intended to exclude other medical 
work, which should be undertaken by local education authori- 
ties, according to their abilities and opportunities. For 
example, the periodical re-testing of the eye sight of every 
child ; an annual measurement of height and weight ; the 
more frequent examination of particular children, especially 
of those suspected to be suffering from deficient nutrition 
or found to be defective at former inspections ; careful 
anthropometric surveys or special inspection at various 
ages of school-life ; and similar investigations of a special 
nature, undertaken in particular districts, come within the 
category of additional medical work, wholly desirable where 
practicable, and calculated to advance school hygiene. Such 
work, however useful, has to be looked upon as subsidiary 
to the main purpose of the Act. 

Regulations . — The Board of Education in England have 
decided under section 80 of the Education Act, 1921, that not 
less than three inspections during the school-life of the child 
will be necessary to secure the results desired. The first 
inspection should take place at the time of, or as soon as possi- 
ble after, admission to school ; the second at or about the 
third year (say, the seventh year of age) ; and the third at 
or about the sixth year of school-life (say, the tenth year of 
age). A further inspection immediately before the depar- 
ture of the child into working life would be desirable where 
practicable, and in some areas it may be best for this to take 
the place of the third inspection. Certain adjustments will be 
necessary in working out any standard in practice, as it will 
at once be evident that without such adjustment the first 
year would be unduly burdened ’with the inspection of the 



105-i 


Sanitation in India. 


iliiidren ne^vly admitted and of all the children already 
ill school. 

Each aiithoTity has been directed to make provision 
when the Act has been sufficiently long in operation to be 
in normal working, for the inspection in each year of i^a) 
the children newly admitted ; (6) the children in the school 
who in that year had matured for their second inspection ; 
{c) those who had matured for their third inspection ; and 
where practicable ; {d) those about to leave school. But 
in the first year it may prove impracticable to attempt more 
than the inspection of the children newly admitted and those 
leaving school ; and in the second year it is considered 
Hufficiont if those newly admitted and those leaving are 
iiis])fieted, vith the addition of children who have matured 
for their second inspection (which is perhaps the occasion 
of all others mipiiring the most thorough examination) . Such 
adjustment tends to equalize the burden over successive 
years. The precise way in which the children are grouped 
in the school for medical inspection may vary according 
to the internal organization and circumstances of each school. 
It may bo most convenient, for instance, to carry out the 
inspection on an age-basis rather than on a basis of period 
of school-life. 

There are some further regulations-— 

(a) The inspection should be conducted in school hours and on school 
preijiises, and in such a way as to interfere as little as may be 
with school ^vork. The examination of each child need not, 
as a rule, occupy more than a few minutes. 

ib) The convenience of the teaching staff and the circumstances of 
each school must receive consideration, and in these matters and 
in the actual examination the Medical Officer will no doubt 
exercise sympathy and tact, giving due thought to the personal 
susceptibilities of those concerned. 

(o) Tiie facts revealed by inspection must be entered in a register 
kept at the school, (somewhat in the following form), the 
confidential nature of many of the entries being carefully respect- 
ed. A copy of the entries should be transmitted with the child 
to any other school to which he or she may go. 
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Name : — 

Address : — 

Illness previous to admission : — 
Family history ; — 

Date : — 

Standard : — 


Without Shoes 

Vision 


r Height : — 

\ Weight 
f Teacher — 

(^Doctor : — 


Hearing 4 

(^Doctor : — 

Age at examination : — years, months. 
Remarks : — 

Date : — 

Cleanliness : — 

Clothing : — 

Physical stature : — 

Nutrition ; — 

Teeth : — 

Throat and nose : — 


Eyes 
Ears : — 

Speech and mental capacity : — 
Remarks : — ■ 


School : — 

Date of Birth : — 


Ikitials of Examiner. 


(d) Every school Medical Officer should make an annual report to 

the local education authority on the schools and children under 
his superintendence, which should be printed for facility of re- 
ference and in order that a supply of copies may be available 
for distribution among the members of the authority and other 
persons interested. The authority should send two copies of the <* 
report to the Board of Education as soon as possible after the 
end of the year under review. 

(e) In order to secure effective basis for comparison of the work done 

in different parts of the country, one uniform year must be taken 
the year to be adopted being in all cases the calendar year, in 
order to correspond with the annual period fixed for. the closely 
related report of the Medical Officer of Health. 

(/) The report should be concerned chiefly with the conditions and 
circumstances affecting the health of the children in the elemen- 
tary schools of the district. 


i 

..- 4 ' 
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(g) It should also contain statistical records of the number of children 
examined and of those re-examined or under medical supervision: 
the nature and results of the examination ; the number of visits 
paid to classes ; the number and character of the diseased con- 
ditions found at certain age-periods ; particulars as to blind, 
deaf, defective and epileptic children ; the medical advise given 
both as to the prevention of conditions inimical to health and 
remedy of diseased conditions that may be discovered ; action 
taken, and so forth. 

(7t) In addition to such records it will be well, as far as practicable, 
to make systematic comparisons of the individual and collective 
measurements and characteristics of the children in each school 
with standard and local records, both as a means of determining 
the condition of health of particular children or classes, for guid- 
ance in future action, and as part of the anthropometric survey 
to which this Act shoiild contribute in due time. This part 
of the work, however, must be kept in a secondary position 
while so much remains to be done in the elementary essential 
of school hygiene. It is to those essentials and the manner and 
degree in w'hich they have been dealt with in his district, that 
each school Medical Officer should devote the major portion of 
his report. 

Medical inspection of schools forms an integral factor in 
every modern system of education, and its expediency may 
be assumed from its successful administration in other 
countries. ^ 

Fundamentally, the State control of health inspection 
depends upon the fact that a large proportion of children 
attimding State schools, are sufiering from preventible and 
remediable diseases. It matters not for the moment to what 
extent the home is responsible nor how far the diseases are 
aggravated by school life. It is sufficient that the defects 
are unrecognized either by teachers or parents, who alone are 
in contact with the children. 

Hence it is clearly a national duty to discover a system 
by which these preventible and remedSible defects may be 
brought to light. It is. unessential to the State whether 
the health inspection of its children takes place in the school, 
at the home or elsewhere, so long as a physical census is 
taken and all defects are investigated, but seeing that the 
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children are collected together during nine or ten years of 
their life in State schools for the purpose of education, it 
becomes a matter of convenience to delegate the nation’s 
responsibility to the Education Department. 

The a priori argument for the State control of a system 
of health inspection rests upon the fact — ^whioh cannot be 
denied — that there are present in the schools (town and 
country alike) children suffering from preventible and 
remediable diseases, of which both the teachers and parents 
are ignorant ; besides others, suffering from diseases the 
serious nature and consequences of which no one but a medical 
man can recognise. The assertion scarcely needs the support 
of figures and statistics, but it is stated in the report of the 
Chief Medical Oflicer to the Board of Education, England, 
that more than 80 per cent, of the children are suffering 
from defective teeth, that 50 per cent, are affected with 
vermin or other parasitic conditions, 20 per cent, with defec- 
tive vision and that 10 per cent, are retarded in. their educa- 
tional progress by physical defects, such as anaemia, general 
debility and deafness resulting from adenoid growths or dis- 
chargiug ears ; in addition to these, in India, Malaria, enlarged 
spleen, intestinal diseases and worms, &c., will have to be 
considered. 

As long as there are in the schools such children as those 
that have been described, so long the necessity for system- 
atic health inspection is obvious from aU points of view. 
In other words, medical inspection in the elementary schools 
is necessary, because the parents are ignorant. It is only 
a means to an end, and at present the end is the education 
of the people. Indeed it has been argued that it devolves 
upon the State at the present day to make good its defective 
training and education^f the parents, during the last twenty 
or thirty years, by directing a system of health inspection 
towards the education of parents and children alike. For, 
if all parents had been taught the elements of healthy living 
and were able to recognize the presence and to realize the 
67 
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importance of physical disabilities and defects in their child- 
ren, systematic health inspection would theoretically be 
«ut of the question. Medical advisers to local education 
authorities would still be necessary. 

But, as matters stand to-day, the interference of the 
State is essentially justified by the large amount of pre- 
ventible and remediable defects among school-children. 
These defects are unrecognised either by teachers or parents, 
and can only be discovered by systematic medical inspection. 

The Peoblem in India. 

If the work of school medical inspection is of such value 
an England, it must be doubly valuable in India as, in 
addition to the minor ailments and physical defects which 
would come under notice and about which advice would be 
given to the parents regarding prevention and treatment, 
the control of infectious diseases and Tuberculosis and Malaria 
would be of immense benefit to the public health conditions 
of the country. 

In Bombay there are 522 Primary Schools — ^both Muni- 
cipal and aided — with, about 74.000 pupils , and 56 such 
unaided schools with more than 3,926 pupils. 

The population of children of school-goiag age is about 
1,25,000, thus leaving about 47,000 children who do not 
iittend school and who could not be at present brought into 
this scheme. 

Thus 80,000 pupils are a very considerable proportion of 
the City’s sohool-age population, and the need for a measure 
that will help to improve the health and physical condition 
of such a large number of our futuj^ citizens requires no 
emphasis, whether from the standpoint of public health or 
education. The need is all the greater as the mass of poor 
and ignorant population is so much larger and the elementary 
laws of health and hygiene are so ill-understood. 
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It is not suggested that the Schools Committees of the 
various Municipalities rush at once into a large staff of 
Medical Inspectors, as is done in England, but gradually 
adopt a scheme which would lay the foundation for future 
development. 

In England the cost of school medical inspection is about 
1 shilling per head of the averge school attendance. A 
beginning could be made in Indian towns at a cost of about 
annas six per head, if the work be done by the Health 
Department. 

In England the Medical Officer of Health in all the large 
towns and counties is now also School Medical Inspector on 
increased salary and under him is the local Health Officer 
as Assistant Medical Inspector, 

There will be a large amount of inspection as well as cleri- 
cal labour and correspondence, and this cannot be done by the 
staff of the Health Department without considerable assist- 
ance, as it is generally over-burdened. But the q^uestion 
is so intimately connected with the public health that it 
cannot be divorced from it and in order that a start should 
be made, the Health Department of each Municipality 
should be asked to undertake the work on suitable terms. 
The alternative would be to appoint a separate medical 
officer who has had experience in school hygiene, and two or 
more full-time medical officers with suitable office and staff 
with several lady district visitors and nurses, making a 
separate department altogether ; but this would be more 
expensive. 

How TO Take a Physical Census op School Children 
^ IN India. 

The following is an example of an experimental examina- 
tion of the physical condition of the children attending 
four schools in Bombay. 
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The examination was conducted by four District Eegis- 
trars — qualified medical men — under the supervision of an 
Assistant to the Health Officer. 

The work was carried out with a view of estimating the 
expenditure req^uired to carry out a complete physical census 
of the children attending Municipal Schools in Bombay. 

The work was performed at the time stated to be most 
convenient to the Head Masters. 


Of the 313 cliildren examined. 

Per cent. 

Vision was defective in 

.. 21.40 

Hearing 

.. 14.05 

Teeth were 

.. 43.76 

Throat and nose were defective in 

.. 41.53 

Glandular enlargement existed ia 

6.70 

Head and body uncleanly in 

.. 37.69 

Clothing uncleanly in 

.. 47.92 

These figures indicate that it Is desirable 

to obtain infor- 


mation on a larger scale. 

B’rom the experience gained in this experiment on a small 
scale, it has been ascertained that on an average 10 minutes 
are required for the examination of each child, exclusive 
of time taken in recording the weight and height and in 
entering the name, age and address of each child; this latter 
information was supphed by the Head Masters ; the weight 
and height were not recorded owing to there being no appa- 
ratus for the purpose. 

In conducting a census on a large scale, these points would 
be attended to by the nurse. 

Assuming that there are roughly ^,000 children to be 
examined, one man working continuously for 8 hours per 
day would take about 333 days to finish all the school children. 

On the average there are 78 holidays, and in addition 
52 Sundays, which are also recognised as school holidays 
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and some of wliicli, however, will probably coincide with the 
various public holidays. Allowing, say, that 10 such Sundays, 
will occur in a year, we have 365 — ^less 78 and less 42=246 
working days. So that one man working hard for 8 hours 
per day could not finish the census in one year. 

It is almost impossible that one man could stand the 
physical strain of 8 hours’ continuous labour per day for 
such a period ; and moreover, the estimate above given 
makes no aUowance for time taken in going from one school to 
another, and does provide for absolutely consecutive periods 
of 10 minutes for each child for 8 hours per day. This, 
as already stated, is practically impossible. 

To do the work properly and to avoid scamping, three 
men working whole-time would be necessary; that is the 
number required if the Schools Committee elect to employ 
whole-time men. These men would probably finish the 
work in about 5 months. 

As the work in the first instance would be of a temporary 
nature and as it is very desirable to obtain rehable informa- 
tion, it is suggested that the pay offered for such work should 
be fi:s;ed at Es. 175 per month. 

On the whole it is recommended that the employment 
of three whole-time men would probably be the more satis- 
factory arrangement. 

From the list of schools suppHed by the Committee, it 
appears that there are 112 Municipal G-irls’ Schools. 

It is distinctly desirable that the examination of the height, 
weight, head and skin of the children in these schools should 
be conducted by a nurse and, further, that a nurse should 
be present when the children are being examined for hearing, 
eye-sight, etc. 

When not engaged in this work, the nurses must record 
height and weight of the children in the boys’ schools. Three 
nurses are necessary for the purpose at a remuneration of 
Es. 75 per mensem. 
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A considerable amomit of clerical labour is involved in 
tbe scheme. The forms are filled in by the District Eegis- 
trars themselves, but a summary is necessary. 

From the point of view of expenditure there is practically 
no difierence in expense, whether the work be carried out by 
the existing staff of the District Offices or by special whole - 
time men. 

If possible, a small room or a separate verandah should 
be placed at the disposal of the medical man during the 
actual period of examination, in order that the work of the 
school should suffer a TniDiwniTn of interference. Otherwise 
the whole work of the class may be interrupted during the 
period of examination, due to a lack of intelligent co-opera- 
tion between the staff and the medical man which should 
soon disappear. It is quite unnecessary to suspend the 
lesson. All that is required is that the master permit 1 or 2 
children to leave the class, in turn, be examined and return 
immediately to work. 

To establish such an orderly system will be one of the 
nurses’ most important duties, as it is desirable not to inter- 
fere with the teaching carried on in the least practicable 
degree. The use of a separate room would, of course, largely 
conduce to this object. 

Medical Inspection oe Schools m Bombay. 

Medical inspection of school children was started by 
the Schools Committee of the Bombay Municipality in the 
year 19H and at fi.rst it consisted merely of examination 
of school children by the Medical Inspector and noting 
percentages of different defects among them. The defects 
which in the opinion of the Inspector, ' required treatment, 
were communicated to the parent or guardian of the child and 
he was asked if he would have the diild treated privately or 
would like it to he attended to free at a Municipal Dispensary, 
In the majority of cases the defects remained untreated, the 
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parents either promising to get the children treated privately 
and never doing it or obtaining an authority for free treatment 
at a Municipal Dispensary and never attending the dispensary.. 

The Schools Committee gradually realised that medical 
inspection of this nature was useless and that if it was to be 
of any value it must be followed by proper and systematic 
treatment of the defects noted. 

A Schoo-l Clinic at the King Edward Memorial Hospital 
at Parel was therefore established in 1930, where children 
are being given proper and regular treatment under the 
guidance of the School Authorities. 

The School Medical Inspection staff at present consists 

of — 

One Medical Inspector, 

One Assistant Medical Inspector, 

One Lady Medical Inspector (for Girls’ Schools), 

One Nurse to assist the Lady Inspector, and 
One Part-time Dentist. 

The number of children attending primary schools in 
Bombay is about 74,000. Out of these, about 17,000 are 
from the Aided Institutions not under the control of the 
Schools Committee and are not subject to Municipal medical 
inspection. The remainmg i.e., about 57,000 are to be 
examined by the School Medical staff. Bach Medical Inspector 
examines nearly 5,000 children per year and on this , basis 
it takes nearly four years for the staff to finish one round 
and examine all children once. The total ])eriod of attendance 
at these schools in Bombay is four years so that during its 
primary school life, a child would be examined only once. 
This is not a satisfactory arrangement and an increase 
in the staff is essential if the work is to be carried out 
satisfactorily. The routine method of examination is as 
follows : — 

Three days previous to the proposed visit of the 
Medical Inspector, the Head-master of the school is sent 
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m intimation by him that the school would be inspected on 
the particular day and a form is sent in which the Head- 
raavSter or the class teacher is requested to fill up the details 
about each scholar such as the name, residence, caste, 
guardian’s name, age, date of birth, height, weight, etc. The 
Medical Inspector then visits the school and examines the 
children class by class. The examination is conducted in 
the class-room itself and the details of the examination of 
each scholar are filled in a form. When a defect is noted 
which requires treatment, the parent or guardian is informed 
and with his consent the child is taken to the School 
Clinic for treatment. If at the School Clinic, it is found 
that to remedy the defect a surgical operation would be 
necessary, the parent’s consent is obtained for the same 
in writing and he is asked to present himself with the child 
at the School Clinic. The School Authorities take all 
responsibilities for the operation as well as the subsequent 
treatment and have made arrangements with the King 
Edward Memorial Hospital Authorities for the purpose. 
The children who require other treatments are taken to 
the School Clinic from the schools directly in a motor bus 
under the direct control and supervision of a school 
teacher. The grouping of children according to the particular 
kind of treatment required and other matters connected 
with treatment at the School Clinic are arranged by a 
Medical Organiser appointed by the School Authorities. 
The children receive treatment in separate departments 
according to tbeir diseases, viz.. Medical, Surgical, Dental, 
Ophthalmological, Ear, Hose- Throat and Skin Departments, 
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Habits and Customs in eelation to Health. 

Tlie habits and customs of a people form' a very large 
factor in relation to health and disease in every country ; 
and although it may be considered utopian to thinh that 
this subject can be successfully dealt with in a work on 
sanitation in India, we venture to assert that, on careful 
investigation, some practical suggestions can be made which, 
i£ not acted on immediately, will form a basis for the sani- 
tarian to follow in the future. We base our opinion on the 
hypothesis that the progress of sanitation among the masses, 
though slow must, by the pressure of public opinion and 
the ever-increasing demands of education for improved 
surroundings, make its influence fiuther dominant ; and 
the object of this chapter is not so much to blame the habits 
and customs as to point out in what direction habits and 
customs, which will take much time and enormous patience 
to alter, do affect the health of a people. 

Mention has been made how ignorant and passively 
resistant the ordinary Indian is to any measures, for the 
control of the spread of infectious diseases, which affect his 
customs and habits ; and we propose to briefly explain how 
some features of Indian hfe may affect the general health of a 
community. Take for example, the pollution of drinking 
water, whether it be in a well, tank, temple, or mosque ; the 
washing and bathing, the casting of offerings and the absence 
of any attempt to keep the supply clean. Observe the 
preparation of food and sweets and the exposure for sale 
of articles of food ; the method of coUecting and distribut- 
ing milk, and the conditions of domestic life ; for example, it 
is not only the poorer class who sit on the ground and eat 
their food with their hand out of the same dish, but also 
among some of the better classes this custom prevails. In 
the streets can be seen curry and dhal vendors ladling out 
food with the hand to any passing purchaser ; about schools 
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it is common for groups of children to purchase sweets or food 
from itinerant vendors, who mix the foodstuff with their 
hand and serve it on a piece of paper or leaf smirched by flies, 
crows and dust. In the houses of most classes, the father or 
mother feeds their children, who are seated on the ground, out 
of the same vessel, the father first taking his food, the mother 
afterwards. Again the proximity of animals : goats, fowls, 
cows, bullocks, dogs, etc., living in the same room as the 
tenants of houses ; the amount of rubbish in houses and the 
facilities rats, fleas, hugs, lice, mosquitoes and flies have for 
propagating disease. No one with any experience of the 
homes of Indians in large cities, small towns or villages can 
fail to notice these features of common life ; and to allow 
them to contiuue Tvhen they can be gradually removed is a 
policy which no conscientious sanitary official could accept, 
although he may realise the enormous task before him. 

In mofussil towns and villages immediate relief cannot 
be hoped for, but as the inhabitants gradually emigrate to 
large cities they become surrounded with different conditions, 
and it is then they learn the value of improved sanitary sur- 
roundings and systematic supervision. It will, however, 
take many years of strenuous endeavour on the part of the 
sanitary official, before he can get the people to realise the 
nece.ssity for observing any sanitary precautions ; this is 
nothing new in the sanitary history of the world and it be- 
comes the duty of the Municipality to constantly impress 
on the people, by precept and example, the necessity for the 
observance of the laws and by-laws relating to health. The 
municipalities should boldly take up this question and, while 
recognising the superstitious and religious objections, cope 
with the ignorance of the people, and gradually create a 
desire on their part for healthier surroundings. 

With the knowledge we obtain of the ways of thought 
of many of the illiterate, it is easy to see how difficult 
it is for the people to understand why rats, flies, fleas or 
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mosquitoes should be avoided. Constant explanation 
is necessary by the sanitary ofl&cial of the reason why 
measures are taken. Every infant at school should be 
taught the lesson of the hygiene of every-day life. All 
schoolmasters should have to undergo training as to the 
conditions affecting health. 

If the religion of certain castes makes it incumbent on 
them to spare every living thing, it does not prevent them 
from taking steps to remedy filthy surroundiogs, and learn- 
ing from their own people, who have acquired a wider insight 
and knowledge of the world, how to amehorate their position. 
Examples of this can be seen daily in the enormous number 
of educated Indians taking up special branches of work in 
commerce, medicine, law, etc., and settling down in India 
after having acquired experience abroad, who are rapidly 
dispeUing many of the prejudices, habits and customs which 
have long proved a stumbling block to progress. The 
development of technical education has enabled delicate 
engineering, surgical and mechanical operation to be carried 
out by Hindu, Parsi and Mahomedan artisans. The Indian 
labourer in town has overcome his prejudice against the in- 
novation of foreign appliances and the mali can be seen wheel- 
ing a wheel-barrow which formerly he proposed to carry on 
bis head. 

The enormous amount of sanitary work carried out 
by the municipalities of larger towns and the interest the 
members of the corporations take in sanitary measures mean 
progress. 

In previous chapters, practical suggestions have been at- 
tempted and it is only necessary to briefly summarise a few 
points, which should be borne in mind by the sanitary official 
when dealing vdth the habits and customs of the people. 

Water-su2)ply . — Objection is taken by some to drink any 
water unless it comes from a well. The water, however 
liable to be polluted by its surroundings, is preferred by some 
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to tap water, and a pomp cannot be fixed as it is opposed 
to religious prejudice. The water from the well is drawn 
up in all sorts of vessels which may have been used for other 
purposes. The washing of clothes and utensils and 
animals and bodies of persons takes place at the well 
or tank side and the well or tanlc is a breeding place for 
mosquitoes. 

The danger of this proceeding is palpable to any one. The 
water is examined and proved unfit for use. But to persuade 
the people that this is so is another matter. The remedy lies 
in constant supervision, the provision of a wholesome supply, 
the protection of the weUs, and the adoption of a pump in- 
stead of open domestic vessels. Such pumps are now in com- 
mon use in Bombay. 

Milk. —To the majority of the people, pure milk is un- 
known. The method of keeping cows and buffaloes, the 
manner of milking and cleaning the vessels and the accepted 
adulteration with unwholesome water are of such common 
occurrence as to be a habit. 

Proper regulations of dairies and cow-sheds, constant 
inspection and control, and the provision of Municipal milk 
depots will gradually induce the people to realise the advant- 
ages of cleanliness. 

Food-supply . — The preparation of foodstuffs and their 
exposure for sale are still of the most primitive order even 
in large cities. By-laws for the control of eating-houses, 
hake-houses, soda-water factories, sweetmeat shops, milk-shops 
which insist on proper sanitary nieasui-es and protection from 
flies will gradually bring iibout great improvement. 

Orer-civn'dmp : ventilation.— The high rents in large cities 
and the ])aucity of suitable accommodation for the poorer 
classes tend to overcrowding, which brings in its train sick- 
ness and distress. The custom of joint-family life is to a 
certain extent responsible for much of this, while the purdah 
system increases the evil. 
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The laws and by-laws governing this subject are very 
difficult of application. The inspection of houses liable 
to be overcrowded if done in the day-time reveals little 
and there is no power to inspect at night. It can, however, 
always be ascertained whether a room is overcrowded or 
not, and if the law is set in motion, temporary improvement 
can be made, but a remedy can only be found in extending 
action on the part of the municipality or local authority 
by providing suitable accommodation for the poorer classes ; 
reference to which has been made in the chapter on the 
housing of the people. 

Mention may be made of the manner of disposal of the 
dead, nui’sing of the sick, isolation of the infected ; early 
marriages and a high birth-rate, prostitution, sexual indul- 
gence and venereal disease, drugs, intemperance, infant 
mortality, child-birth, many of which are dealt with under 
different headings and should be taken up by the sanitary 
authorities. 

India is peopled by diverse races, each having its own 
social and religious customs and domestic habits which 
have been ingrained in the course of ages, so as to be innate 
and form a part of the integral whole, whether of the indivi- 
dual or the community to which he belongs. 

The customs and habits of the indigenous people, whether 
in villages, provincial towns or presidency cities, vary accord- 
ing to the community. Wherever members of particular 
communities go, they faithfully adhere to and persevere 
in the customs and habits which from infancy they have 
acquired and practised. For purposes of descri])tion, it 
would perhaps be most instructive to discuss the usages, 
habits, and customs as they olrtain among communities 
of different religions in a presidency city. The better classes 
wiU be treated first, and a special reference will be made to 
the customs and habits of the labouring and depressed 
classes. 
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The City of Bombay is a large commercial emporium and 
seaport of the East ; it has the fame of being cosmopolitan. 
Klwrds and Tartars from Central Asia travelled to it in 
earlier days and settled therein ; also Mahomedans, chiefly 
of the Snimi sect, from the plateaux beyond the north- 
eastern frontier, and Persians of the Mahomedan Shia sect ; 
Arabs from the Arabian Peninsula and the enterprising com- 
mercial community, the Parsis ; Hindus of all denominations 
and castes from the various parts of the vast continent of 
India have settled here. Hindus comprise nearly three- 
fourths of its population and Mahomedans more than one- 
eight. The great aim of the Mahomedan religion in making 
proselytes in India was to destroy in those converted the 
castes of Hindus with their customs, usages and habits. In 
this they only jiartially succeeded. In Guj erat, large districts 
were converted both by Shias and Sunnis. The two great 
Mahomedan commercial communities in Bombay, who 
hailed from Gujerat, are the Halais and Kutchi Memons 
and Khojas, the former being Sunnis and the latter Shias. 

Mohamedans. 

Localities were selected by individual affluent and in- 
fluential Memons and Khojas, whereto flocked others of the 
same classes converting the localities thus occupied, now 
known as moholhs. In families the Mohamedan religion was 
to a considerable extent successful in destroying caste preju- 
dices, Avhile retaining (to determine disputes and suits) the 
Hindu law and introducing a new element known as the 
purdah system, as also new religious rites with respect to 
customs at marriages, births and deaths. The Arabs, who were 
the first to arrive in Bombay from the West with commerce, 
iiiterinarried amongst the aborigines of the Island, the pro- 
geny being Natiahs, from whom descended the great Kokni 
Mohamedan community now chiefly occupying the central 
portion of the City. These, on account of their constant 
intercourse with Hindus, acquired many of their customs 
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and habits. In justice to this community, it must be 
acknowledged that many acquired Western education 
and refinement and became highly respected leaders of 
society ; while Memons, being essentially commercial 
until only recently, stuck to trade. The Khojas, the 
greater number of whom belong to the Shia sect, 
being a very pushing and enterprising community, 
availed themselves rapidly of Western education, adopting 
Western habits. The purdah system amongst them now 
exists only in name. 

It is Khojas alone who, during the early years of Plague, 
availed themselves of isolation hospitals and inoculation. 
The Borahs, another Shia community, coming mostly from 
"Surat and Ahmedabad districts, also availed themselves to 
a degree of isolation hospitals, but not of inoculation. With 
these exceptions the Moslem communities have a repug- 
nance to removing their sick, in case of Plague or other 
infectious diseases, to isolation hospitals, etc. Even when 
different isolation hospitals were provided m different mohollas 
for them, the people were averse to the same, and to some 
hospitals not even a single case was brought. 

The Kokni and Deccani Mohamedans show a great dislike 
to hospitals, and never to any appreciable extent took ad- 
vantage of the same ; perhaps this may be due to the want 
of religious or social heads in these communities, the result 
being that they suffered severely owing to concealment 
of cases. With the exception of the Edioja community 
none of the Mohamedan communities have sought the im- 
munity conferred by inoculation. How far inoculation has 
been successful in this community is proved by their relative 
immunity from Plague. Mohamedans as a community 
prefer their sick to be treated at home and nursed by their 
relatives, whether suffering from infectious diseases or other- 
wise. Although the services of qualified medical men are 
to a great extent now availed of, yet their instructions with 
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reference to infective material are passively resisted and 
ignored. This is so not only ’with reference to Plague, but 
also other highly infectious diseases such as Cholera, Small- 
pox, Measles, etc. The infective material is not destroyed, 
but disposed of anywhere, preferably into house gullies. 
Ko particular care is taken by the relatives who nurse the 
sick, in spite of the instructions of the medical attendant, 
and no attempt at personal disinfection made ; hence, in- 
fection is apt to be rapidly conveyed to the attendants or 
other members of the house. The backward classes in these 
communities have recourse largely to hakims for treatment. 
The hakims have scarcely any knowledge of personal or public 
hygiene. Vaccination, being compulsory, is availed of 
amongst Mohamedans and the children are vaccinated, some 
of them at a very late date. Revaccination amongst them 
is practically unknown. When Small-pox cases occm' in 
houses, they are carefully concealed, lest the Health author- 
ities coming to know of them should remove them to the 
isolation hospital, as required imder section 424 of the 
City of Bombay Municipal Act. The concealment is 
however never complete, as there is a superstitious belief 
among all the uneducated classes that neem [Melia 
AzadirachkS) leaves hung up at the entrance of the room 
prevent the spread of the disease and have also a beneficial 
effect on the patient. The custom of hanging the twigs of 
3Ielia AzaiUrachta {neem) is very ancient. May this have 
not been intended as a danger signal for intending visitors ? 

The patient is generally placed on a mat on the floor, 
rarely on a low cot. The bed clothes are aired in the pass- 
ages or over the small fireplace. On the 7th day, after the 
first appearance of the eruption, a bath of a decoction of 
neem, leaves is given to the patient in the mhani or mon 
of the room, and the body is dried with a soft towel or cloth. 
With those who can afford it, this towel or cloth finds its way 
in the house gully, whilst among the poor the same is used 
after being merely washed. 
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During convalescence the scabs are allowed to fall about 
the house or room, and are swept to the passage or on to 
stairs once or twice a day. One can therefore imagine how 
rapidly Small-pox. spreads amongst the unprotected in a 
chaid and in its immediate neighbourhood. 

The customs and usages relating to their dead will be 
briefly described here. 

The Borahs (Shia sect) in this respect have taken the 
lead ; their dead are immediately removed to the musjid 
mortuary ; where the ablutions and other rites are performed 
before the final disposal of the remains in the cemetery. 
All the rest of the Mohamedan communities wash their 
dead in their houses on low wooden flats or benches provided 
by the micsjid authorities. No disinfection is allowed in 
rooms or houses occupied by the deceased for three days and 
until the end of the ziamth ceremony, the family, in the 
meanwhile, occupying the room where the deceased suSered, 
receiving mourners and guests therein. The backward 
classes amongst the Mohamedans have a great aversion 
to disinfection and other sanitary measures. They have 
a special dislike to sterilizers, and in most cases conceal the 
infected bedding and mattresses, which are either washed at 
home or sold, or otherwise disposed of. They believe in 
Tcmnat, i.e., fate. 

The advent of Mohamedans in India amongst Hindus 
has been iconoclastic in tendency and has led to domestic 
usages in direct opposition to those of Hindus. Beef was 
made the staple food of the classes. Mohamedans, as a rule, 
indulge in mixed diet, while a large proportion of Hindus 
are vegetarians. The Mohamedan prefers to eat his food 
in eating houses or restaurants. The hygienic condition 
of these eating-houses is very bad. The floors are filthy ; 
the tables and benches are unclean and practically no store- 
room exists for prepared food stuffs, these being placed under- 
neath a stair or even in close proximity to a privy, water- 
68 
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closet, a mod or washing place. Generally, food stuffs are 
kept in open trays witliout any cover to protect them from 
flies ; if covered, it is generally with a dirty sodden cloth. 
Contamination, therefore, of these food stuffs is frequent and 
almost certain. These eating-houses are now licensed 
by the Municipality, in consultation with the Police. On 
festive and mourning occasions, dinners are prepared in 
large cauldrons, which perhaps for years have not been 
tinned, and served to friends and members of respective 
jatmis. During dinners, one drinking utensil is common to a 
party, and dinners are served in streets or on ground bare 
or partially covered by mats, if sufficient accommodation 
cannot be found in houses. A few of the janiats 
have opened large houses called hcmghs for such occasions, 
but only the rich avail themselves of these. It is nothing 
unusual to notice milk and curds exposed in open utensils 
next to a privy, or on the sill of a window opening into a neigh- 
bouring house gully. Further, water for drinking purposes is 
perha})s ne\'(.'r boiled and is stored in ghurms (mud pots) and 
copper pots, on the wall of the mod or naham. One possible 
cause of the introduction of Cholera into Bombay is water 
brought by pilgrims from the sacred wells of Mecca, in bottles 
and tin cans. This water is frequently mixed with a larger 
quantity of Bombay water and doled out to friends and 
relul ives. 

In the houses of the backward classes, a mod is provided 
in every room, and serves as a urinal at all times and as a 
water-closet during illness. The backward classes on 
account of cMU'tain liabits they have, and rvhich they will 
not correct, misuse water-closets and hence prefer basket 
privies. 

Hindus. 

Three-fourths of the population of India are Hindus. 
These are divided into several castes, chief of which are 
Brahmins, Kshatrias, Vaishias and Shudras. The last 
include all low-castes. The Brahmins are the priestly caste, 
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higlily educated, ministering tlie religious rites of all tire 
otlier castes. They are essentially vegetarians. The only 
animal food they partake of is milk. For descriptive purposes,, 
all of these castes may he divided into two great divisions ; — 
(1) those strictly vegetarians, who include milk in their diet- 
and (2) those who partake of mbced diet. To the former 
belong the Brahmins, Bhattias, Jains, Shravak Banias, 
Marwadi and Lohanas, and to the latter, Shenvis, Prabhus, 
Panchkalsis and Marathas in general and the last, all the 
Shudras, who eat indiscriminately everything and partake 
of meal-leavings from all houses. 

Until recently, the floors of houses occupied by Hindus 
of all denominations in this City were of earth, as even now- 
in almost all mofussil houses. A recent Municipal regulation 
enforces that floors should be of koba, cement and chunain. 
The practice that obtains in mud-floor houses is to smear 
them with a mixture of cowdung, red earth and water which, 
give not an unpleasant coating to the floor. Disinfection 
with chemical solutions, even the most potent, is for obvious 
reasons impossible ; the disinfectant fluid, unless used in 
enormous quantities, becoming inert. Such house-floors 
are very suitable places for the breeding of fleas. Cowdung 
may also be the medium or vehicle of diseases, such as Diar- 
rhoea, T}q)hoid, Tubercle, etc. Animals suffering from specific 
diseases may also by this means convey diseases to man. 
Mud floors being soft allow rats to make rat-warrens under- 
neath. Experience has taught that such floors should not be 
allowed and hence the Municipal regulation of koba floors. The 
practice of smearing floors has nearly become a confirmed 
habit in the people inasmuch as even to this day smearing 
is resorted to in kitchen and dining rooms on koba floors. 
It is to be noted that almost all Hindus, except among the 
higher and the higher middle classes, squat and lie on floors. 

The higher classes are cleanly in their habits and it is 
pleasant to see how tidy and clean they keep their lodgings. 
But they do not trouble themselves about their surroundings ; 
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and even the lady of the house could he seen throwing out the 
sweepings, etc., from her own house in the house gully or on 
the roof or w^all of the adjoining house, there to decompose 
and prove a source of nuisance to her own family. The open 
spaces round about a chawl, being a common property, are 
frequently misused by the children of the locality and serve 
for the purpose of receiving all sorts of rubbish from the 
occupied rooms. 

The middle classes occupy single or double rooms accord- 
ing to their means in tenement houses, the mori in these 
rooms being used for all purposes. 

Some castes of Hindus generally hold their caste dinners 
in nmhajan icadis, specially built for this purpose. The 
dinners may be festive or mourning. Ladies are served first ; 
gentlemen after ; no plates are used ; the meals are doled out 
on plantain leaves or, when these are not available, on circu- 
lar patravalies made of dried leaves of the Butea fromdosa. 
Each guest has to provide himself or herself with a small 
lota for drinldng water. The water used is well water or 
water stored in huge imderground tanks. This water is liable 
to contamination with droppings of birds from above, or with 
the w’asliing of hands and feet of the guests before they 
partake of the meals. 

In the first years of Plague, the people protested violently 
against disinfection, but experience has proved to them the 
benefits of disinfection and now without demur they accept 
it or call for it. The destruction of animal life is repugnant to 
all Hindus, especially to vegetarian classes i. e., Brahmins, 
Banias, Jains Bhatias, etc. Even vegetarians are enjoined 
by certain rules to partake only vegetables of a particular 
kind ; thus it is strictly forbidden for Jains to eat any succulent 
roots, tubers or bulbs, potatoes, carrots and onions, while they 
are permitted to eat the vegetable stalks and leaves emanating 
from such tubers. The meal hours are always during sun- 
light. The object of not eating a meal after sunset is to 
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prevent ingestion at lamp-light of animalcules by mishap. 
Amongst the Bhatias there is a large number of individuals 
who are known as murjadis. Murjadi implies the attainment 
of a higher degree of religious merit after a pilgrimage to the 
shrine of Gocul. The murjadis will not use shoe-leather, or 
drink water from a service pipe. They are strictly enjoined 
to drink water from wells alone. A vast number of houses is 
occupied by such murjadis and, although warned not to 
drink water from w^ells declared by the Municipal Analyst 
as not fit for potable purposes, they will indulge in the same 
and ignore such warnings. There is no alternative therefore 
for the Municipality but to fill up such wells or pump them 
dry. During ilhiess, they seek the advice of medical men, 
but will take nothing but powders. 

It is a common belief that illness is the consequence of the 
displeasure of some deity, to propitiate whom steps are 
therefore taken. These may consist in asking a priest to 
worship in a temple with certain formalities, or may take a 
form distinctly dangerous to health : for instance, the worship 
which is performed when a person, especially among the lower 
classes, is suf ering from Small-pox. 

During the epidemics of Plague, the Shravak Banias, 
Bhatias, and Lohanas suffered severely. These people are all 
traders and mostly reside in Mandvi on upper floors, the 
ground floor being used as a store-room, or godown for rice, 
sugar and other wares of this kind. These store-rooms- 
are of necessity infested by rats. The religious repug- 
nance of the inhabitants to kill or even to remove the rats 
after they have sickened and died leads to the infection 
of houses, and residents of upper floors succumb to the 
poison. Among Hindu traders, the Jams and Shravaks 
suffer most. According to the returns, the proportion 
of deaths amongst them is remarkable, being double 
that among low-caste Hindus. Isolation hospitals in the 
earlier years of Plague were held in repugnance by these 
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people as by Mabomedans, and for same or similar 
reasons. But wben private isolation hospitals were estab- 
lished, they took advantage of them very largely. Inocula- 
tion is objected to by them on the ground of the animal 
origin of the vaccine ; on the other hand, though the vacci- 
nation vaccine is also of animal origin, they readily take it 
as it comes from a cow or calf, which is held in special re- 
verence and veneration. In cases of infectious diseases, no 
special opposition is met with in regard to disinfection. 
Speaking of infectious diseases. Small-pox is venerated in 
houses as the visitation of a deity, people refusing to remove 
such cases to hospitals voluntarily. This is a fruitful source 
of infection to the unprotected and the neighbourhood. The 
relations of the patient, his friends and neighbours visit him 
on such occasions and are exposed to the infection and 
may themselves convey the disease to others. On the 
11th day of the disease, when the pustules are scabbing, 
a patient is conveyed, generally in a public conveyance, to 
-certain temples where the goddess “ Shitala Devi” is 
propitiated by ofierings, &c. This is another source of 
public infection. The Health Department authorities are 
constantly obliged to proceed against such offenders and 
get them fined by magistrates. 

The females amongst Hindus during menstrual and lying- 
in periods are considered as defiles and untouchable. They 
are set apart in rooms and have no social intercourse, and 
during lying-in period are attended by ignorant dais or 
midwives. For this reason municipalities should provide 
trained midwives, whose duties should be to be helpful during 
the lying-in period, to advise mothers on infant feeding 
and to act as Sanitary Inspectresses generally. 

When a high-class Hindu is on the point of death he 
is laid on a country blanket {jghongdy,) white or black as 
may be available at the time in the house, and a basil leaf and 
some holy water are put in his mouth. If a son is present. 
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lie takes tke dying head on his lap and, when all is over, 
the women sit round the body weeping and wailing ; the 
nearest female relatives afieetionately caress the dead face 
with their hands and often use the free end of the sarees 
to wipe the face. The body is next washed near the steps 
of the house, dressed in white dhoti and transferred to the 
bier and conveyed to the ghat for cremation. The blanket 
and bed-cloth are given to the poor. 

The lower castes after the ablution anoint the dead body 
with turmeric and butter, while females with the free end 
of their sarees whisk the face, frec|uently wiping it. The 
body is dressed up gorgeously and conveyed on the bier for 
cremation. All infants and persons dying from Small-pox are 
usually buried. The whole of the above description applies, 
mutatis mutandis, in a lesser degree to the mbced diet classes. 
Because of purdahnashin system, notification of disease is 
.accepted with great reluctance, if at all. Notification of infec- 
tious diseases has been more successful during the last decade 
than in previous years, but the fear and abhorrence of official 
interference still prevail, with the result that there is much 
concealment of cases. The wealthier classes of Hindus avail 
themselves of qualified medical treatment, the poorer classes 
being unable to do so ; municipalities should establish free 
dispensaries for medical relief. In Bombay these are largely 
availed of by the poorer Hindus and Mahomedans. All 
sorts of ailments, infectious or otherwise, are treated, the 
Medical Officer, if necessary, attending the patients at their 
homes. The establishment of these dispensaries will lead to ,, 
the better registration of births and deaths and sickness. 

Parsjs.. 

Parsis, who in the earlier Plague years were averse to 
notification of Plague cases and the use of isolation hos- 
pitals, have since the establishment of Parsi Pever Hospital 
by their Punchayat behaved in a most exemplary man- 
ner in these respects. Disinfection of rooms, where deaths 
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occur, is readily consented to after tlie funeral ceremonies 
are over. Their funeral rites are interesting. When a per- 
son dies, after due ablutions, the body is conveyed to the 
ground-floor and handed over to two or four of Jchandias or 
corpse-bearers. The corpse is then dressed by them and 
placed apart in a ground-floor room on the stone slabs, where 
no one is allowed to approach or touch the body. In the 
interval before the removal of the body to the Tower of 
Silence, which invariably takes place in the morning between 
8 and 9 and in the afternoon between 3 and 4, a priest {an- 
dheroo) continuously chants prayers before the body. Be- 
fore the corpse’s final removal from the house, a ceremony 
called the gaihe snrna is performed, which consists in the 
chanting of special prayers by a couple of priests who stand 
on the doorway. These prayers are made in two parts. 
During the first part, the body continues to lie on the slab. 
This over, a dog is brought in and the dead body is exposed 
to its gaze a •••few minutes. The corpse is then trans- 
ferred to a bier by mmesalas, special corpse-bearers, who 
alone can consign the body to the Tower of Silence, — the 
Jahandhs carrying the body from the house to the Tov’er. 
The second part of the ceremony is now gone through and 
completed, when the mourners all approach the room, 
where the corpse is, to have a last look at it. Further 
ceremonies are performed for a period of four days on the 
ground-floor, the place in the meanwhile being inaccessible 
to disinfection. The leaders of the Parsi community, being 
well-educated, have set an example to other communities 
with reference to inoculation ; but the middle and poor 
classes of Parsis do not take to inoculation to any consider- 
able degree. 


Indian Christians. 

The Indian Cliristians of Bombay consist of mixed des- 
cendants of old Portuguese settlers of Bombay, Goanese 
Catholics immigrating into Bombay for trade and other 
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means of liveliiioodj and the converts from the poorer classes 
of Hindus and Mahomedans by Protestant and Catholic 
Missions. The community, as a whole, is not wealthy 
and, although in the beginning was reluctant to isolation 
hospitals, has shown courage and devotion in sending 
their sick to public hospitals. All arrangements 
for segregation and disinfection are submitted to without 
opposition or murmur. They also very largely avail 
themselves of free dispensaries and of inoculation. 
Most of the poorer classes hailing from the northern 
districts of Goa are unprotected against Small-pos and, 
whenever Small-pox breaks out, this community suffers 
severely. 

The Laboueing Classes. 

The most important of the labouring classes who come 
to Bombay are the Maratha Hindus, In the districts they 
are chiefly cultivators and agriculturists. They come from 
the Ivonkan and Deccan — also called gliattis from the gJiaitts. 
The latter are tall, sturdy and of strong physique, the former 
smaller and weaker. They supply domestic servants, coolies, 
mill-hands, weight carriers in grain godowms, in the docks 
and the Cotton Green, and some are engaged in petty busi- 
ness, as fruiterers, vegetable dealers, grocers, cart drivers and 
masons. They live in chaivls generally in single tenement- 
rooms, but those who can afford, in double tenement-rooms. 
Many Marathas do not bring their wives or families with them. 
They then club together and board and lodge in a klmnaval. 
A Maratha woman keeps house and board for them on pay- 
ment of a fixed sum by each member, ranging from Rs. 12 to 15. 
The room in which they board is small and insufficient and 
the boarders generally sleep in passages and verandahs of 
chawls or in public streets. When an illness occurs, one of 
the men looks after the patient and nurses him ; they are 
averse to hospitals. It can easily be understood how in an 
infectious disease case, say Cholera, ahnost all the inmates 
of the rooms are attacked. During illness, as they cannot 
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afford tliey must perforce live on tlieir usual food. 

In case of Small-pox: too, ttey usually conceal the case. 
Compared to the Mahars, etc., these people are of cleaner 
habits, both personal and domestic and not indolent or 
lazy, and without thieving propensities. From experience 
during the last decade, it has been found that the Marathas 
have considerably improved in their personal and domestic 
habits. They have appreciated the supervision and hygienic 
conversations organised for them by the Health Department 
and the Bombay Sanitary Association, and one notices 
to-day with satisfaction the considerable improvements 
they have made in their personal habits and in their 
rooms. It may casually be mentioned here that the housing 
accommodation for this ever-increasing labour class is not 
satisfactory. 

Moharaedans of the Konkan and the Deccan and of 
Kathiawar flock to this City, attracted by the higher wages 
paid for labour. The Konkani Mahomedans work as domestic 
servants, offi.ce pUtavallas, boatmen, lascars, policemen ; 
the Deccania aspire higher and take to trades and industries ; 
they, as a rule, earn more than their Konkani brethren 
and are of cleaner habits. This great Mahoinedan labouring 
class lives in the same manner as the Marathas and under 
identical unhygienic conditions. 

The “Depressed” Classes. 

The “ dejnessed” classes consisting of Mahars, Mangs, 
Bhungi.s, Chambars and Dheds, whether living in towns or 
villages, must of necessity live apart, as they are condemned 
by all Hindus as “ imtouchables.” Ho other community will 
live in close proximity to them, because of their habits, thiev- 
ing propensities and immoral proclivities. In villages they 
live out, all huddled together, in small dark mud-huts. In 
towns, they live in chmvls set apart for these people, or in 
the open in huts made of wattle and daub and roofing of 
old kerosine oil tin-sheetings. Their personal habits are 
very filthy, and they seem to flourish in squalor. Mahars 
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from times immemorial have been considered essentially 
hereditary “ village servants” : their duties being the removal 
of dead cattle or other animals, burial of outcastes and removal 
of offal. They engage also in other occupations, such as 
rope and basket-making etc. On account of the higher 
wages they can obtain for labour, they are attracted in 
large numbers to presidency cities. Here they are employed 
as dock labourers, coal fillers, and as scavengers by munici- 
palities for the removal of streets and dfomestic refuse. Many 
of them also learn different trades and “ the village servant 
of yesterday may be seen driving a motor-car for his private 
master to-day, amidst the plaudits of the social reformers 
and the groans of the conservative Brahmins, who still 
consider that a Mahar’s duty is to be an efficient Mahar 
and wait for his reward in the future stage of existence” ! 

The individual cost of living is very small indeed. Noth- 
ing is prohibited them by caste or religion ; anything and 
everything is welcome from dead meat to the leavings of 
eating houses, Mahajan Wadis and hotels ; they live gen- 
erally in ground-floor chawls in single tenement-rooms, dark, 
ill-ventilated, damp and overcrowded. The females especial- 
ly of the Dheds and Bhungis, if not engaged, as halalkhores, 
take to rag and bone-picking. Bag-picking is a great trade 
with them : to obtain rags they will steal them even from 
dust bins ; they also purchase from ser\^ants the bed-clothes 
and clothing of dead persons. These articles may or may 
not be from persons who may have suffered from infectious 
diseases. All these classes bury their dead. The corpse is 
washed in front of the hut with tepid water and anointed 
with a mixture of turmeric and ghee ; while this is being 
done, the female relatives wail and caress the face of the 
deceased, whether the death be from infectious disease or 
not. The body is then conveyed on a bamboo bier to the 
burial ground. If death was caused by an infectious 
disease, the clothes, if the Municipal authorities are aware 
of the cause, are disinfected and sterlilized. But in most 
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instances, sucli cases rarely come to tlie notice of tlie Health 
Department, and the^ clothes are then simply washed and 
used again. 

Mahars and Mangs are fonnd throughout the Maratha 
speaking parts of the Deccan and the Karnatak. They appear 
to be, from their customs and the impurity attached to them, 
the broken residue of the aboriginal tribes owning the country 
of which they werei dispossessed by successive waves of 
Aryan and posi-Aryan invaders. They are regarded by 
all other castes of standing as “ untoucheibles.” They 
eat sheep, goats, dead cattle, pigs, etc., and drmk liquor 
and live on land set apart for them outside a village. 

Dheds are found all over Giijerat, Kathiawar and Cutch. 
Not unlike the Mahars, they seem to be the remnants 
of the primitive aboriginal tribes. They eat flesh, fish and 
also the carcasses of cows, buflaloes, sheep and goats. They 
eat the leavings of other people and drink liquor. Originally 
the occupation of Dheds was spinning cotton into thread 
and weaving cotton cloth, but now they flock to presidency 
cities and take np the work of the bhangis or halalkhores 
proper. 

Bhangis or halalkhores are found all over India. They 
are a caste of scavengers and sweepers and are the dregs 
of Indian society. In Gujerat they are held to be lower 
and more unclean than Dheds, while in the Deccan they 
hold the same position as Mahars and Mangs, Both the sexes 
are emploj'ed as night-soil carriers. The Bhangis eat carrion, 
flesh of cow, buffalo, goat and sheep and eat the leavings of 
other castes and drink liquor. 

Dhors and Chambars : the former deal in cattle skins 
and are tanners ; the latter work in leather and are the sup- 
pliers of the foot-wear of the higher classes. These do not eat 
carrion but flesh of goat, pork, fish, etc. They are a degree 
higher than tliose previously described. All these classes 
indulge largely in country liquor. 


CHAPTEE XV. 


\ Housing of the Working Classes in Large 

Cities m India. 

The problem of housing and town-planning has developed 
enormously in England, owing to the passing of the Housing 
and Town Planning Acts 1890, 1900, 1903, 1909, 1919 and 
1925 which deal with (a) the extension of existing towns, 
I and (6) the improvement and opening up of existing 

f insanitary areas in old towns. The following is a brief 

outline of the latest English Act. 

Housing Act 1925. 

Part III. 

Provision of houses for the Working Classes. 

I* Section. 

’ 67 Local Authority to provide housing accommodation 

! for working classes. 

58 Local Authority to acquire land for the same. 

59 Power of Local Authority to lay out streets, open 

spaces, etc. 

60 Duty of Local Authority to prepare housing schemes. 

61 Duty of Local Authority to carry out the schemes. 

62 Eefers to schemes carried out outside the area of 
Local Authority. 

63-66 Deal with the acquisition and appropriation of land. 
67-69 Provisions with regard to management of houses 
etc. provided by Local Authority. 

70-71 Provision of houses by Public Utility Societies, 
Eailway Companies, etc. 

72 Empowers County Councils to provide houses for 
their employees. 
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Section, 

73 In case of reported failure to carry out duties by a 

Local Authority, Minister to make an order. 

74 Transfer of obligations from a Local Authority to 

the County Council. 

75 Empowers Minister to act in place of Local Authority 
7C-77 County Council to act in place of a Rural District 

Council in case of reported failure. 

78 Sale, etc,, of land for housing purposes by Corporate 

bodies. 

79 Supply of Gas and Water to houses. 

Housing, Town Planning, etc., Act 1919. 

Part II. 

Town Planning. 

42 Removal of necessity to obtain previous authorisa- 

tion of Ministry to preparation or adoption of 
town planning scheme. 

43 Extension of power of Ministry to make regulations 

as to procedure. 

44 Repeal of provisoes in H. T. P. A. 1909 requiring 

schemes to be published and laid before Par- 
liament. 

45 Power to permit development of estates pending pre- 

paration and approval of town planning schemes. 
4<! ]’ro])araiioii of town jilanning schemes. 

47 Power cf Ministr)’' to require town planning scheme. 

48 Consequential and minor amendments. 

In India, the provisions of Acts and by-laws for the im- 
])rovement of towns, old or new, are being amended. The 
Municipal Acts and by-laws w'ere so inconsistent and cum- 
brous as to render the work of improvement of insanitary 
areas extremely diificuifc. 
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The creation of Improvement Trusts in several cities in 
India has, to some extent, paved the way for a more serious 
and enlightened policy. 

Attempts at town planning in the real sense of the word 
are being undertaken in India. Schemes are being prepared 
to get at the bottom of the real evil, namely, the housing of 
the working classes and improvement of insanitary areas. 
Much, however, has been done in the widening of streets, and 
Bombay of to-day is a vastly different place to what it was 
in 1898. 

The Bombay Municipal Corporation have revised the 
Building by-laws in respect of open spaces to be main- 
tained for light and ventilation of buildings within the Muni- 
cipal limits. Two different standards have been fixed, one 
for each of the two parts into which the City is divided for 
the purpose of these by-laws. The less thickly populated area 
where buildings are comparatively scattered, is subject to 
the standard of light and air, and a lower standard is 
fixed for the remaining part of the City, which is known as 
the ‘‘ scheduled” or “ congested” area. The 63|° rule re- 
quires that the air planes in the front and the rear of every 
building, that is, the planes drawm from the top of the front 
and the rear walls outwards and downwards to the ground 
at an angle of 63-|° to the horizontal and also at least one of 
the light planes of every habitable room, that is, the plane 
drawn from the outer face of the wall at the level of the flooi’ 
outwards and upwards at an angle of 631-° to the horizontal 
shall be left permanently unbuilt upon, subject in all cases to 
a minimum of 10 feet, except in the case of the front open 
space which is fixed at a minimum of 15 feet. 

The lower standard rule, which ignores the need for free 
circulation of air in the rear of a building, requires that the 
whole of at least one side of every habitable room shall face 
directly or through an open verandah an open (to the sky) 
space ranging between 10 to 20 feet accordmg to the height 
of the wall facing the open space, above the level of the plinth. 
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Tliese by-laws are no doubt a great improvement on those 
in force before 1919 but the ultimate result of their applica- 
tion in practice is worth watching, as they are based on an 
assumption, viz., co-operation and goodwill between the 
owners of neighbouring properties over whom the Municipal 
Corporation can claim no control. 

Housing of the Working Classes in Indian Cities. 

“ Dwelling-house ” mcludes any yard, garden, out- 
houses and appurtenances belonging thereto or usually 
enjoyed therewith. 

For census purposes, a house is a building under one un- 
divided roof, or having two or more roofs connected inter se 
by subsidiary roofs. 

A “ ekml ” means a building so constructed as to be suit- 
able for letting in separate tenements, each consisting of a 
single room or of two rooms but not of more than two rooms. 

According to the last official census (1931) in Bombay, 
there are 1,97,516 occupied one-room tenements, giving an 
average of 4.01 persons per room, and no less than 74 per 
cent, of the population live in one-room tenements. 

Working Classes in Bonibay. — ^Forty-nine per cent, of the 
j)eople of Bombay come within the category of working 
classes, i.e., about 5,63,000, 

Many of the rooms are occupied by more than one family. 
The rent of these rooms is from Rs. 10 to 12 per mensem : 
the average monthly wages of this class is Rs. 30 per mensem. 

Insanitary Conditions, 

The relation between over-crowding and insanitary 
conditions and a high mortality has been dealt with by all 
sanitarians from time to time. In cities in India, a high 
mortality follows closely insanitary surroundings, absence 
of domestic and personal hygiene, want of ventilation and 
light and the presence of filth ; in fact, the incidence of disease 
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is directly related to the insanitary domestic surroundings — 
the incidence varying with the habits and customs of the 
people with regard to their food, personal cleanliness, 
domestic habits, washing, bathing, cleaning of rooms, clothes 
and persons, habits of living and sleeping ; with accumulation 
of materials and filth harbouring vermin, condition of floors, 
of walls and ceilings of houses ; and with prejudice against 
measures for improvement or any attempt to remove what 
is considered the cause of the spread of disease. 

Insanitary surroundings may then be termed anything or 
any condition which tends to impair health, and among the 
chief factors which conduce to it are poverty and ignorance. 
Of the total influence which these surroundings exert on the 
health of the people exposed to them, no exact statement can, 
however, be given. That they produce disease and a certain 
amount of disablement is undeniable, but it is only so- far as 
the varying incidence of such sickness is ascertained and the 
disease kills that the eflect can be represented in numbers. 

Insanitary surroundings may be divided into external 
and internal. External conditions include ; — 

(1) Sanitary defects in areas, denseaggregation of houses, 

congested areas and, as a result, inadequate open 
spaces about dwellings, insiifiicient light and air. 

(2) Dampness of soil. 

(3) Want of drainage or defective drainage leadmg to 

pollution of soil. 

(4) Defective means for removal of excreta and pollu- 

ted matter, street sweepings, trade and domestic 
refuse. 

(6) Defective sanitary laws and the difficulty of applying 
them. 

(6) Habits and customs of people, religious and other 
prejudices with regard to exposure of infected 
persons and things. 

69 
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Internal conditions liave reference to — 

(1) Overcrowding in houses and rooms. 

(2) Ventilation of rooms. 

(3) Dampness of rooms. 

(4) Lighting of rooms. 

(5) Character of the floor and wall. 

(6) Method of collecting rubbish in rooms. 

(7) Cleanliness. 

(8) The harbouring of vermin on bodies and clothes. 

(9) Clothing of persons. 

(10) Washing and bathing. 

(11) Occupation and habits. 

(12) Skin diseases due to climate and clothes and habits 

inducing facilities for contracting Plague. 

(13) Custom in the preparation of food and foodstufls. 

Such insanitary conditions are, as is well known, powerful 
predisposing causes in the production of Phthisis, Pulmo- 
nary Diseases other than Phthisis, Diarrhoeal diseases and 
Fevers and epidemic diseases generally ; and a reference to 
any satistical table in the reports of various Health Depart- 
ments all over the world will show that in areas with such 
insanitary surroundings the sickness and death-rates are 
considerably above the average, and when those areas have 
been improved by sanitation, the mortality and sickness, 
both general and zymotic, have been reduced. 

As an illustration of this in Bombay, take one section of 
the City where sickness and mortality have always been high, 
viz., Kamatipura. 

The streets in Kamatipura are well arranged and fairly 
numerous, there being sixteen running across it from east 
to west and five from north to south. There is no uniformity 
about the houses and they vary much in shape and size. 
Most of them are sub-let in separate tenements and are 
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occupied by persons of tbe poorer classes. Many of these 
■chawls are unfit for human habitation, either wholly or in 
part, owing to radically defective construction. 

Overcrowding is undoubtedly the chief cause of the un- 
healthiness of Kamatipura. This term is applied to two 
distinct conditions which, however, are invariably associated 
together. The one has reference to land, upon which the 
houses are situated in such close approximation that the 
provision of air, light and space is reduced to a quantity below 
the standard requirements of health ; the other to houses 
in which the inhabitants exceed in number the accommoda- 
tion. Both these conditions obtain in an exceptional degree 
in Kamatipura. The houses are built almost back to back, 
there being only a narrow passage between the row of houses 
in one street and that in the next. The depth of houses 
from front to back is excessive, and usually the whole of 
the available space behind the street frontage is occupied 
by the building itself ; the privies in many cases are not 
properly detached and the air of the dwelling is continually 
charged with the most noisome odours. There is rarely 
a gully at the sides of houses, and when one exists it is gene- 
rally not more than two feet in width. As a result of this the 
buildings as a whole are deficient in light and ventilation, 
the centre rooms being often in absolute darkness, and de- 
pendent for ventilation upon the passages within the houses. 
Speaking generally, the gullies are open channels for carry- 
ing of! sullage, but usually they are so imperfectly paved 
as not to be water-tight, and sometimes they are not laid 
with a proper fall towards the street drain. Many of them 
serve as passages for sweepers and are flanked on either side 
by a long row of privy shafts. In such cases, the trap doors 
of the shafts abut immediately on the gully, and when the 
receptacles get full and overflow, as they frequently do, the 
liquid filth is discharged on the surface of the guUy. Refuse 
of all kinds is also thrown into the gullies by the people 
living in the adjoining houses. For these reasons the guUies, 
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though repeatedly cleansed, are generally in a dirty and foul 
condition, and -windows which overlook them have to be 
kept closed to exclude the smell. Such gullies are therefore 
of little use for purposes of ventilation. Moreover, owing; 
CO the structural defects pointed out above, liquid filth is 
not carried away but stagnates in the gullies, and the found- 
ations of the houses and the soil around them are continually 
receiving what to all intents and purposes is the soakage of 
sewage. In this way the soil and sub-soil are fouled and 
rendered damp, and the level of the ground water is raised. 
Throughout Kamatipura this dampness of the soil can be 
observed, and water is to be found within a few feet of the 
surface. As a result, dampness of ground floors is a notice- 
able feature in nearly all the houses, even in those with sub- 
stantial plinths and paved or cemented floors. 

These conditions prevail, though in a modified form, in 
Calcutta and Madras, Delhi, Ahmedabad and any other 
large city in India, hut in Bombay only are large chawU 
found which are built to economise space, the land being 
more valuable. 

Houses Uneit eor Human Habitation. 

In dealing with insanitary dwellings, the question of what 
constitutes a house unfit for human habitation is an extremely 
difficult one. No scientific standard is or can he applicable. 
Every sanitary circumstance lias to be taken into account. 
What would be considered unfit in Western countries would 
be fit in the East where conditions of climate are so diflerent. 

According to the Public Health Act in England any dwell- 
ing house that appears to be in a state dangerous or injurious 
to health is considered to be unfit for human habitation. 

Under the Bombay Municipal Act, section 378 (amended 
up to 1918), buildings unfit for human habitation are 
thus dealt with (1) If, for any reason, it shall appear 
to the Commissioner that any building or any room 
in a building intended for or used as a dwelling is unfit for 
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Imman habitation, he shall give to the owner or occupier of 
such building notice in writing stating such reason and signi- 
fying his intention to prohibit the further use of the building 
•or room as the case may be, as a dwelling and shall by such 
notice call upon the owner or occupier aforesaid to state in 
writmg any objection thereto within thirty days after the 
receipt of such notice ; and if no objection is raised by such 
owner or occupier within such period as aforesaid, or any 
objection which is raised by such owner or occupier within 
■such period appears to the Commissioner invalid or insuffici- 
ent, he may, with the previous approval of the Standing Com- 
mittee, by an order in writing, prohibit the further use of 
such building or room as a dwelling. 

Provided that, before such approval is given, the owner 
or occupier aforesaid shall have the right of appearing, before 
the Standing Committee in person or by agent and of 
showing cause why such approval shall not be given. 

(2) When any such prohibition as aforesaid has been 
made, the Commissioner shall cause notice of such prohibi- 
tion to be affixed to and the letters “U.H.H.” to be painted 
on the door or some conspicuous part of such building or 
room as the case may be, and no owner or occupier of such 
building or room shall use or suffer the same to be used for 
human habitation until the Commissioner certifies in writing 
that the building or room, as the case may be, has been ren- 
dered fit for human habitation. 

House inspection . — In dealing with insanitary houses for 
the purpose of condemning them as " U.H.H.’’ a systematic 
house inspection must be made. 

House inspection has reference to— (1) the arrangements 
for preventing the contamination of the water supply ; 
(2) the closet arrangement ; (3) drainage ; (4) the condition 
of the dwelling house in regard to light, the free circulation 
of air, dampness and cleanliness ; (5) the paving, drainage 
and sanitary conditions of any yard, compound or out-house 
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belonging to the dwelling-house ; (6) the arrangements for 
the deposit of refuse ; (7) the existence of any room, if it be 
so dangerous and injurious to health— a room habitually used 
as a sleeping place which is not on an average at least 7 feet 
in height from floor to ceiling, or does not comply with such 
regulations as the local authority may prescribe for the proper 
lighting and ventilation of such rooms and the protection 
thereof against dangerous effluvia or exhalations ; (8) any 
defect mother matters which may tend to render the dwell- 
ing-house dangerous or injurious to the health of an inhabitan t. 



IN A TOWN. 

Thus in reporting on a house as “ U.H.H.,” many tene- 
ments— single rooms— may be fit, while others may be unfit 
for all or any of the reasons given above. 

The working men and women, for domestic reasons, 
object to light and air, and it is common to see even the model 
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Improvement Trust chawls with rags or bags stretched across 
the windows. 

They do not seem to require light or air and we must not 
consider everything has been done when we have caused 
every house and room to be rebuilt up to 63|-degree-scale 
standard. 

The only education in sanitary matters these people tmder- 
stand is laws and by-laws, and this is the form education 
should take in housing the poor. 

What the workman is satisfied with is a room 10' X 
lO'xlO', a small verandah, a nahani and a small room for 
cooking where to stack his wood, cow-dung cakes, pots and, 
pans, and perhaps keep fowls and goats, a loft to store wood 
or lodge boxes, rags or logs. 

More often than not, tlie cooking is done in the living- 
room and the smoke escapes into the passages or out of the 
window. The floor is used for sleeping where circumstances 
do not permit of a charpoy ; the baby is slung in a cot or 
lies on the floor ; the floor is cow-dunged regularly and also 
the walls. The nahanis are misused by the children and for 
washing and for stacking firewood ; the refuse is thrown out 
of the window. Water is stored in an earthen vessel in 
the nahani and the pots and vessels are cleaned there, or 
taken out to the street or nearest bathing place. The privy 
accommodation may be a water-closet or a basket privy,, 
situated at the end of the passage adjoining the common 
bathing room, which is crowded with men and women fight- 
ing for water and washing vessels and their clothes. 

In the majority of these dwellings, it is impossible to see 
in any of the rooms or passages in the day-time or to get 
through them without a lamp. 

Type of Working-Class Dwellings Required. 

For eight months in the year in Bombay, Calcutta and 
Madras, many people sleep in the open paths, streets, oarta 
and wadis. 
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Tlie working man in large cities in India could be suitably 
boused in a room 10' X 10' X 10' for a family man, wife 
and two children as the maximum number of inhabitants 
with a small kitchen separately provided. The room should 
be so arranged that at least one side should abut on an open 
space 20 feet in width, well lighted and ventilated, and, if the 
rooms are in two rows opening into a passage 10 feet wide, they 
should be provided with a ventilator of at least 3 square feet 
in area near the top of each of the two walls of such rooms. 
Such ventilators should be opposite each other. The walls 
should be of brick, cement-concrete or other impervious 
materials ; the floor, of tiles or cement and stone with a' 
smooth polished surface with rounded corners ; a window 
carried up to the ceiling and made to open, top and bottom, 
with half doors. The foundation should be of concrete with 
a plinth 2 to 3 feet high. 

The ideal building should be rat-proof, but this ideal 
cannot be lived up to in a large city in India. 

The closet arrangements must be determined by the 
water-supply and drainage system, but in all cities where such 
a supply is sufiicient for the purpose, the water-carriage 
system is strongly advocated. 

In cities where the water-carriage system is provided, 
proper accommodation should he given for bathing and wash- 
ing places in the compound or the space around the building. 

If facing the rainy quarters, the rooms should be provided 
Avith movable shutters. 

The building should not be more than two storeys, 
ground and first floor; not more than 20 rooms in each block. 
Each block should be at least 20 feet apart and erected in 
such a position as to have breeze, light and air. The space 
around the building should be paved rvith asphalt or tarred. 

There should be open space enough for children to play. 
This can always be arranged in laying out blocks. 
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The erection of huge blocks of buildings is contrary to the 
habits of the people, prejudicial to health and difficult to 
control ; as a question of expense and owing to the initial 
cost of land, overcrowding of houses or areas is considered 
by some as a necessity. From the point of view of the owners 
of the buildings, this is financially sound ; where the land 
has a value of Es. 250 to Es. 500 a square yard, it is easy 
to imagine that the owner or lessor wishes to reap as much 
as he can. But in India, even in Bombay, where these houses 
have been allowed to be built, such excuse should not be 
tolerated. The erection of such dwellings reduces the value 
of the locality by over-crowding ; they reduce the vitality of 
the inhabitants and foster disease, thereby reducing the 
number of workmen available and the amount of labour 
from each workman. 

If certain parts of the city were set aside for erecting 
dwellings on sites which could be adapted and where land is 
cheaper, those parts of the city which are now covered with 
overcrowded insanitary areas could be vacated, a better 
class of buildings erected with better tenants and would 
ultimately give better financial results. iFor exam, pie.— The 
dock labourers should be housed near the docks, the mill 
hands near mills, the general labourers in those parts of the 
town where land is cheaper ; the clerks, etc,, on sites easily 
accessible tram or rail. 

The most important section of the Towm Planning or 
Housing Act is for improving old towns. In India it is that 
referring to the erection of workmen’s dwellings and the policy 
of assisting migration from overcrowded insanitary areas 
in the expensive part of the city to other sites more remote 
where fresh air, light and space can be had, wdiere dwellings 
can be erected cheaply in one-storeyed blocks capable of 
^supervision. The argument again'st this is that the people 
will not live away from their work. This is proved to be 
incorrect in every city where it has been attempted. 
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The tendency of commercial enterprise is to erect factories, 
mills and large industries outside of the city proper, where 
the land is cheaper, rates and taxes less. 

Policy to be Followed, 

Provisions regarding the Ventilation of 
Buildings in Towns. 

1. Building sites.~lt should be enacted that every new 
building or compound in which a building is to be erected 
must abut on a street of at least 40 feet in width, and where no- 
such street exists, a line must be laid down and the owners of 
the properties adjoining this line must leave sufficient land for 
the (ionstruction of the street. It should rest with the Munici- 
pality to decide whether a new public street should be laid 
out or not, and in the event of this being done, there should 
be an obligation to acquire the land left vacant within a 
fixed period, say two years after the completion of the build- 
ing, or in default to pay reasonable interest on the value. 
When the street is to be a private street, the owners of the 
land must be under an obligation to construct it within a 
reasonable time in each case. All applications to build, in 
which the above conditions arc not satisfactorily provided 
for, should be liable to rejection. 

2. Height of buildings . — ^It seems desirable in the first 
instance to provide that, except in the case of specially exemp- 
ted buildings, such as public buildings or buildings for which 
sj)ecial architectural features may be sanctioned, a certain 
maximum height should not be exceeded; and this should be 
fixed at 70 feet up to the tie-beam of the roof or place where 
a tie-beam would ordinarily be. The roof should not be 
allowed to rise above that at an angle to the frontage greater 
than 45°. Where the roof is a flat one, a parapet three feet 
in height may be allowed above the maximum limit fixed. 
The height of buildings should be further limited according 
to the width of the street on which they abut, and modern 
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expert opinion seems to be in favour of prescribing that tbe 
height of a house should not exceed the width of the open 
space in front of it. Eule 3 contained in Schedule XYII 
to the Calcutta Municipal Act of 1923 seems to be very 
suitable : — 

(1) If a building is situated at the side of a street, no 
portion of the building, except open or balustrated parapets 
not more than four feet high, shall intersect any of a series of 
iiiiaginary lines drawn across the street at an angle of forty- 
five degrees with the horizontal, such lines being drawn from 
the side of the street which is the more remote from the 
building in question, from a height of two feet above the 
centre of the street - 
Provided as follows : — 

(i) where the said street is joined at an angle by another 
street facing the building, or where the street in 
which the building is situated terminates in front of 
the building, the height of that portion of the building 
which is opposite the street facing it measured from 
two feet above the centre of the street, shall in the 
former case, not exceed the height which would be 
permissible if the building abutted on or were situated 
on the side of a street equal in width to the width of 
the street on which it abuts or on the side of which 
it is situated lilus half the width of the street facing 
it, and in the latter case, the height of the building 
shall not exceed the height which would be permis- 
sible if the budding abutted on or were situated on the 
side of a street one-and-a-half times the width of 
the street terminating in front of it ; 
iii) nothing herein contained shall affect the erection of a 
four-storeys building abutting upon, or situated at 
the side of a street of not less than forty-five feet in 
width, if such building, including the parapet wall 
and the plinth, does not exceed fifty-six feet in 
height ; 
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(ni) nothing herein contained shall affect the erection of a 
building abutting upon, or situated at the side of, a 
street of not less than sixty feet in width, if such 
building does not exceed eighty feet in height ; and 
{iv) no building exceeding eighty feet in height shall be 
erected without the special permission of the Cor- 
poration who in granting such permission may 
impose such conditions as they may think proper for 
the safety of the public and the safety and convenience 
of persons occupying the building. 

Explanation . — If a building be placed at the edge of the street its 
heisrht measured from two feet above the centre of the street, and excluding 
pajapeta as aforesaid, shall not exceed the average width of the street 
facing the site ; but, if the building, or one or more of its storeys be set 
back, the height of the building may be increased, subject to the condition 
that no portion of the building, after the height is increased intersects any 
of the aforesaid lines. 

(3) In the case of a new building erected on any portion 
of the site of the whole or part of a building in existence at the 
commenecinent of this Act, the angle at which the lines 
referred to in sub-rule (1) are to be drawn shall be fifty -.six- 
and-a-half degrees instead of forty-five degrees : 

Provided as follows : — 

(i) the height allowed under this sub -rule shall in no 
case exceed thirty-six feet ; and 

(if) except with the special permission of the Corporation, 
nothing contained in this sub-rule shall authorize 
the erection of a new building so as to make any 
portion of it higher than any building which at the 
commencement of this Act was standing on the same 
portion of the site. 

(3) Notwithstanding anjdhing contained in sub-rule (1) 
f)r sub-rule (2), the Corporation may, by order published in 
the Calcutta Gazette, declare that, in any street or portion of a 
street, not less than twelve feet in width, which is specified 
in the order, the erection of two-storeyed buildings not 
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exceeding twenty-eight feet in height excluding two feet for 
the plinth and excluding open or balustrated parapets not 
more than four feet high, will be permitted without complying 
with the requirements of those sub-rules. 

(4) If a building is situated on a corner plot so as to 
abut, upon more than one street, the narrower of such streets 
shall, for the purpose of regulating the height of the building, 
be deemed to be of the same width as the wider street to a 
distance of fifty-five feet from such wider street. 

The Calcutta Building Commission point out that the 
45 degree rule has been adopted by the Calcutta High Court 
as showing what amount of light and air is necessar} for the 
convenient enjoyment of a house. The same standard should 
be adopted in Bombay and ether large cities. In the case 
of buildings on sites already built on, the limit might be fixed 
at one-and-a-half times the width of the street, where the 
height of buildings already existing on such sites is up to 
that limit at the time of the passing of the new rules. 

3. Exterior open spaces and Interior open spaces , — It 
must be obvious to any one acquainted with cities in India 
that sufficient light and air cannot be obtained from gullie.s 
varying from 2 to 5 feet in width, and that where these gullies 
are used as open drains, as they usually are in Bombay, it 
is most undesirable to have openings on them. It is unfortu- 
nately impossible, from a practical point of view, to attempt 
to stipulate that no house shall have a depth of more than 
two rooms to be lighted and ventilated from open spaces 
on streets at the front and back respectively. Failing this, 
however, it is essential to make proper provision for the 
inner rooms. For regulations regarding ventilation of build- 
ings, etc., see pages 42 to 48. 

As in the case of the front part of a building, the height 
of the part at the rear should be limited with reference to 
the width of the permanently open space on which it abuts 
and, as provided in the London and. Calcutta regulations, 
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no part of the building should extend above a line drawn at 
an angle of sixty-three-and-a-half degrees with the plane of 
the open space, at the level of the plinth, from the boundary 
of such open space furthest from the building. 

4. Width of sireefs.— The same limit should be prescribed 
in the case of new private streets or accommodation roads 
as now obtains in respect of new public streets, 

5. Proportion of sites to he huilt on . — ^In the case of 
sites used for dwelhng houses, the total area occupied by 
building should not exceed two-thirds of the total area of 
the site. 

fj. Overcrowding . — ^In the extension of existing towns or 
the improvement of insanitary areas, it is very desirable that 
there should be one standard cf light and ventilation. The 
standard which has long been enforced upon Improvement 
Trust estates, and which is also now enforced under Municipal 
liydaws all over Calcutta, and in the ‘‘ unscheduled ” or less 
thickly populated areas in Bombay and in most of the impor- 
tant towns in England, is commonly known as the stan- 
dard. Roughly, it means that throughout the length of one 
side of every living room there shall be external air-space open 
to the sky extending to a distance, measured horizontally from 
the room-wall, of at least half the height of the top of the 
opposite house above the floor of the room. It is called the 
63|° rule, because the angle at which light from the minimum 
air space so prescribed will strike the floor is an angle of 
approximately 63|-°, which has a tangent of 2 to 1. 

Thus,if a guUy between two houses is only 10 feet broad, 
the height of each house above the plinth must be limited 
to 20 feet, if the lowest rooms are to satisfy the 63|° rule 
and if two houses of the maximum height ordinarily allowed 
in Bombay, viz., 70 feet, are built side by side and have side 
rooms depending upon the space between the houses for their 
light and ventilation, then to satisfy the 63|° rule that space 
must be 35 feet broad. 
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■ Not more than one family should be allowed to reside 
in each room ; for each adult a flooj. space of 25 superficial 
feet and for each child under 10, a floor space of 12| super- 
ficial feet should be required, and for eachadult a cubicalspace 
of 250 feet, and for each child under 10, a cubical space of 
125 feet, exclusive of any part of the room more than 10 feet 
from the floor, should be enforced. 
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7. Certificate of completion . — -Within a reasonable time 
after tlie completion of any building, the owner should be 
bound to give intimation to the Commissioner and should 
give all necessary facilities for inspection within a month 
after the intimation is given. If, on inspection, it is found 
that the work has been done in accordance with the sanction 
and so as not to contravene any of the provisions of the Act 
or by-laws, a certificate permitting the occupation of the 
building should be given. If these conditions have not been 
fulfilled, there must be power, as at the time of construction, 
to require the necessary alterations tq be made. 


CHAPTER XVI. 

Vital Statistics. 

Vital statistics may be defined as tlie science of figures 
applied to tlie health history of communities. 

They deal ^■vith the principal events or phenomena of 
human life ; births, marriages and deaths, the various diseases 
from which people suSer or die, together with the influences 
which affect vitality. In other words, -the units of which they 
are composed consist mainly of persons living and of persons 
dying, and these units are classifi.ed or grouped under certain 
characteristics, such as age, sex, occupation, disease, etc. 

The analysis of these units or elementary facts observed in 
theii various relations to time and place, and dealt with 
according to strict numerical method lies at the foundation 
of all sound enq^uiry and supplies the only true criterion of 
sanitary progress. 

The collection and publication of vital statistics serve in a 
considerable degree to stimulate public interest in, and atten- 
tion to, matters affecting the public weal, and in the hands of 
health authorities they direct attention to the health of the 
people and conditions which adversely affect it, thus enabling 
precautions to be taken and, in respect of trades, attention 
being early directed to any particularly dangerous ones, subse- 
(pient investigation then suggesting the lines on which pre- 
ventative legislation should be based. 

Statistics of sickness, as opposed to mortality, have not as 
yet been attempted on a large scale on account of the diffi- 
culty of collecting data. Such returns would he of great value 
in helping the solution of the problem of the influence of 
varying conditions of soil, climate, season, prosperity, race, 
etc. 
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At present, however, compulsion is exercised only in 
respect of certain dangerous infectious diseases, so as to enable 
the authorities to take measures for the prevention of the 
spread thereof. 

Yital statistics may be termed the statistics of life, morbi- 
dity statistics those of disease and mortality statistics those 
of death. 

Vital statistics in India, except in a few of the larger towns 
are of little value as an index to the real health conditions of 
the country. Even in Bombay, Calcutta and Madras where 
laws exist for regulating the registration of births and deaths 
and sickness, elaborate systems have to be employed for col- 
lection and verification, owing to defects in the particular law 
and the ignorance or resistance of the people to voluntarily 
report deaths, births and sickness. 

The methods employed in other countries in the compila- 
tion of statistics cannot be relied on in India as an accurate 
basis for calculation, and no comparison can be made between 
Eastern and Western figures. Except in the larger cities 
mentioned, the fallacies of averages and rates are greater. 
For these reasons the causes given for an increasing death- 
rate or duninishing birth-rate or an increasing population in' 
Western countries do not apply equally to the East. The 
circumstances of early marriage, pestilence and famine. 
Plague and Cholera, a high birth-rate and conjugal condition 
have to be considered in the East. 

In India, women practically begin child-bearing 
at a very early age and, the birth-rate being high, 
the increase in the population is kept in check by the 
enormous infant mortality. No prudential motives enter 
into the domestic life of the ordinary Indian, the checks' 
on the population being pestilence and famine, a high 
infant mortality, premature birth, unskilled midwives 
and insanitary surroundings, poverty, ignorance and 
superstition. 

70 
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SouBCES OE Information for the Sanitarian. 

For the purposes of the sanitarian, the main sources of 
information are the census, the returns of marriages, births 
and deaths, the notifications made under the various Noti- 
fications of Infectious Diseases Acts, and the returns made 
under the Factory Act relative to poisoning from certain 
metals, etc., e.g., lead, arsenic, mercury, phosphorus, and 
the disease Antlirax. As all these returns particularise the 
locality of each unit, whether supplied by census or by regis- 
tration or notification the units themselves can be readily 
classified according to the various divisions or sub-divisions 
of the coimtry, such as districts, talukas, towns, villages, 
and streets. 

The essential basis of all vital statistics is the possession 
of an aiDproximately accurate knowledge of the population. 

This can only be obtained by taking a census of the people. 
The Census. 

In taking a census it is desirable in so far as possible to 
' select a time when the greatest number of residents will be 
at their homes, avoiding holiday periods, etc. 

It need hardly be stated that the taking of a census is not 
confined to merely taking a count of the number of people. 
Amongst other items the schedule records particulars of 
the name, sex, age, occupation, relation to the head of 
the family and place of birth of every person passing the 
night of the day selected for the enumeration in every house 
througliout the land. 

Ill England the census was first taken in the year 1801 and 
has been taken every tenth year since that date. It is 
usually taken at the end of the first quarter of the first year 
of a decade, e.g., 1921, 1931. 

In very few places is the population found to be 
stationary ; it usually increases or decreases ; if no such 
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variation took place, then, of course, tlie number found at 
the last census would be correct for intercensal years. 

In practice, however, it is usually fomid to be necessary to 
calculate the number of people estimated to be in existence 
for the years and fractions thereof between the censal years. 

An intercensal interval of ten years is really too long and, 
if accuracy of information is desired, the enumeration should 
occur at shorter intervals. 

At whatever interval it is taken, however, certain errors 
are liable to occur in the returns, especially in regard to age 
and occupation ; the former error may arise from real ignor- 
ance thereof — or from a desire to under-estunate the real age — 
or from over-estimatmg it either from a desire for local noto- 
riety or with the object of benefiting under any provident 
or national pension scheme. 

The returns of occupation are also sometimes misleading 
as no distinction is made between employer and employee ; 
the former may never have engaged in the active pursuit of 
the particular trade under which he is returned or, at any rate, 
not for many years, and the inclusion of such as these tends 
to vitiate the returns. Agaiu, although the instructions are 
most exi3licit, a certain number of individuals are counted 
twice over, if they happen to be away from their homes on 
a visit, as through ignorance or carelessness they are counted 
in both places. Again a few are altogether overlooked. 

Any increase in the recorded population may be either 
natural or actual. By a natural increase is meant the 
excess of births over deaths in any place in a given period 
of time ; whereas an actual increase depends on the balance 
between births and immigration on the one hand, and 
deaths and emigration on the other. As a general rule, in 
towns, the actual increase is greater than the natural, owing 
to the tendency of people to migrate from rural districts 
into towns for employment. The actual increment can only 
be ascertained by a census. It must be remembered that 


1108 


Saottation m India. 


the rate of increase or decrease of population in any parti- 
cular portion of a town cannot be considered as indicative 
of a similar rate for the town as a whole, as there is a grow- 
ing tendency to migrate to new houses in suburbs, and 
consequently houses in the centre of the city, which were 
formerly used as residences, become merely offices, etc. 


The average rate of natural iacrease shows wide variations 
in the several countries of the world, as shown below : — 


Country. 

Natural increase 
per 1000. 

Australia . . 

12-2 (a) 

New Zealand 

11-5 (a) 

Italy 

13-5(6) 

Spain 

10-5 (6) 

Germany 

7-6(6) 

North Ireland 

6-7(6) 

Scotland 

6-3(6) 

Belgium 

5-6(6) 

England and Wales 

4-6(6) 

France 

1-5(6) 

Japan 

14-6(6) 

Canada 

14-4(6) 

U. S. America 

8-7(6) 


ia) = 1930 . ( 5 ) = 1925 - 28 . 


The average annual rate of natural increase in England 
and Wales in the four years 1925-1928 was 4-6 per 1,000 of 
the total population. Taking this figure as a criterion, it 
will be seen that in proportion to total population the natural 
increment was above that rate in all the countries mentioned 
ill the table above, except France. 

From the Annual Report of the Sanitary Commissioner 
with the Covermnent of India for 1921, it is noticed that the 
ratio of births to population was 31-97 and deaths, 30-59, 
giving a natural increase of 1-4 per 1,000 of the population. 


Actual Increase in population in different countries. 


The Census. 
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There are certain terms used in connection with popula- 
tions which should he explained. 

The effective poimlation is that between the ages of 
20 and 70. 

Tlie specific popmlation means the number of persons per 
acre or per square mile. It is also called density of population. 
This w'as formerly believed to be a question of considerable 
importaneCj but the significance lies really not in the number 
of persons per acre or per square mile so much as in the 
number of persons per occupied room on that area. 

Absolute Fopulation — This means the total population 
of any country or place. 

Fluctuations in Population. 

Populations are constantly changing. In some countries 
e,g., the United States, Africa, New Zealand, Canada, 
Australia and certain South American countries, considerable 
numbers of individuals are annually being added by immigra- 
tion and there is a contmuous diminution by reason of 
emigration in some European countries. 

Migration not only may affect the population of a country 
as a whole but also may alter the distribution of people with- 
in a country. 

There is in many countries a constant movement of people 
from rural localities to the cities and from one locality to 
another. 

All populations are also being increased by births and 
suffering losses by deaths. The rate of change, however, 
resulting from these two causes is usually comparatively 
constant or alters gradually, while the changes due to 
migrations may be exceedingly irregular. 

The frequency of births, marriages and deaths is usually 
expressed as the number occurring during the calendar year 
per 1,000 population. The figures thus obtained are knowm as 
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tlie birtli, marriage, or deatli-rates and are computed upon 
tie mean population, i.e., the number of inbabitants estimated. 
to have existed at tbe middle of the year. 

Since during the intercensal periods the population is 
not stationary, it is necessary to calculate the estimated, 
population at any given date during the period. 

Estimate of Population. 

For the making of estimates there are two methods com- 
monly used, known respectively as the arithmetical and the 
geometrical methods. In each case the populations at the 
last two census enumerations form the known quantities from 
which the estimates are derived. 

Arithmetical method . — In the arithmetical method, it is 
assumed that the increase or decrease in population which 
occurred bet\Veen the last two census enumerations took place 
in equal amounts during each intercensal year and will con- 
tinue to take place annually in like numbers until the next 
census shall have been taken. Thus, given a city which had. 
a population of 50,000 at the 1910 census (June 1, 1910) and 
one of 61,850 at the 1920 census (April 16 1920), the increase 
during the intercensal period (9 years and 10|- months) would 
be 11,850 and the annual increase according to the arithmeti- 
cal method would be. 

61,850—60,000. 

or 1,200. 

If it is desired to estimate the population as on July 1 
1916, for the purpose of calculating annual rates, this is done 
by adding to the population as it existed on June 1, 1910, the 
sum of 1,200 for each year intervening between the date of 
enumeration (June 1, 1910) and the date for which the esti- 
mate is to be made (July 1-, 1916). There being 6 years 
and 1 month between these dates, the calculation would be 
60,000-f (6^ X 1,200) == 67,300. 
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This same annual increase is also assumed to occur until 
the next census shall have been taken, so that if it is desired 
to estimate the population for July 1, 1924, take the popula- 
tion at the preceding census (April 15, 1920) and add 1,200 for 
each year intervening between its enumeration and the date 
for which an estimate is desired (July 1 1924). There being 
4 years and 2| months between these dates, the calculation 
would be 

61,850-1-(4/5X 1,200)=66,900. 

This method assumes the same amount of increase each 
year and is analogous to the calculation of simple interest. It 
does not take into account the fact that, with the annual in- 
crease in population, the number of persons of marriageable 
age, and therefore the number of married persons, will be 
greater each year and consequently the number of births. 
The growth due to natural increase (the excess of births 
over deaths) is analogous to the increment of compound 
interest, and where this factor (tlie natural increase) is the 
principal one afiecting the population-growth, estimates 
of population made by the arithmetical method are unsatis- 
factory, and especially so where the estimate is made for a 
date several years away from a census enumeration. 

Where the excess of births over deaths is the controlling 
factor in population growth, the geometrical method is more 
accurate. Where the chief factor in population-change is 
migration, or where the relative importance of natural increase 
is much affected by migration, the arithmetical method may 
be more accurate. This latter method is the one used by the 
Census Bureau in the United States. 

The geometrical method is used by the Registrar-Ceneral 
of England and Wales. 

IVhen the births exceed the deaths and the ratio of the 
births and deaths remains constant, then the population 
increases in regular geometrical progression. 
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Thus, suppose the hirth-rate of a population numbering 
5,000 is 30 per 1,000 and the death-rate is 20 per 1,000, and 
that these rates remain constant for 10 years, then the annual 
rate of increase is 10 per 1,000 or 0*01 per unit, ^.e., one person 
becomes 1*01 at the end of a year or 1,000 become 1,010 ; 
thus the population at the end of the 10th year will have 
become 5,000x1-01 or 5,523 persons. For, the population 
at the end of the 1st year=5,000xl-01, at the end of the 
second year it is 5,000x1*01 X 1-01, etc. 

These calculations are more easily performed by the use 
of logs., e.g., estimate the population of a town in June 
1914, whose population in March 1911 was x. 

In order to do this, it is necessary to know the population 
at the previous census, viz., 1901, so as to calculate the in- 
crease or decrease during the previous decade. 

Now to estimate the population in June 1914, i.e., 3-^ years 
after the census, proceed as follows. 

Take the log. of the 1911 population and also that 
of the 1901, subtract the lesser from the greater and the 
result equals the log. of the 10 years' increase or decrease. 

Divide this by 10 and we get the log. of the annual 
increase or decrease, and this divided by 4 gives the quarterly 
increase or decrease. 

To -find the population required, add to or subtract 
from the log. of the 1911 population (a) the log. for the 
annual increase or decrease X3, and (5) the log, for the ^ 
year’s increase or decrease ; and from the final log. thus 
cbtained calculate the number corresponding, which number 
will be the estimated population. 

It must be remembered that the official method of esti- 
mating population on the assumption of an equitable rate 
of increase or decrease is even approximately trustworthy 
in the case of very large communities only as, in such, any 
abnormal variation in one direction is more likely to be 
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counterbalanced by another in the opposite. In small 
communities, where growt'h is often spasnaodic and irregular,, 
such estimates cannot be relied upon. 

There are two unofficial methods of checking estimated 
populations 

(1) A method advanced by Newsholme : Assuming- 

the birth-rate to remain the same as at the last 
census, then from the total number of births one 
can calculate the population thus ; 

The average birth-Tate=35’68 per 1,000 and the 
total births=7,582, then the population=7,582xl,000‘ 
=-212,500. 35^68 

(2) From the number of inhabited houses and the- 

average number of persons per house found at the 
last census, e.g. : Average number of persons per- 
house was 6*2 and the number of houses inhabited 
in 1898 wms 13,240, then , provided the house rate- 
is the same, the population would be 6*2 X 13,240= 
82,088. This method of estimating is not so- 
reliable as it was formerly, owing to the change- 
in the habits of the people. The modern tendency 
to live in flats and large hotels is liable to upset 
calculations, as is also any alteration in the type 
of house, e.g., when rows of villa houses are- 
replaced by streets of attached houses. 

Births, Marriages and Deaths. 

Birth statistics are of interest mainly because of their re- 
lation to population growth, the excess of births over deaths 
being known as the natural increase. The data from which 
birth statistics are compiled are obtained by registration, 
and it is desirable that the essential information which is. 
required to be registered should include the name and sex of 
the child, date and place of birth, whether born alive or still- 
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born, and the names and residence of th.e parents. Additional 
information in the following direction would be of value ; age, 
colour and occupation of the parents, wbetber tbe child is a 
single birth, a twin, or triplet, and whether legitimate or 
illegitimate. 

There are several ways of expressing the birth-rate.— 

(i) It may be expressed as the number of births occurring 

during the year per 1,000 of the population. 

This is known as the crude birth-rate and is based 
upon the total estimated mean population for the 
year, and includes all ages and both sexes. 

To obtain this crude birth-rate ; multiply the total 
number of births during the year by 1,000 and 
divide by the population at the middle of the year. 
This rate shows the net result to the commimity of 
the several facts governing reproduction : the 
number of women of child-bearing age, the number 
of those who are married ; the frequency of 
illegitimacy. It is a satisfactory basis for com- 
paring the birth rate of different years for the 
same community or that of different communities 
having populations of similar composition. 

It is unsatisfactory for the comparison of popula- 
tions having different proportions of females of 
child-bearing age or of married women : a mining 
town or a new industrial centre may have compara- 
tively few women ; a fashionably residential district 
may have a relatively large female population, 
most of which may consist of unmarried servants. 

(ii) A fairer and better method would be to express the 

rate as the number of births occurring during the 
year per 1,000 of women of child-bearing age- 
Tor this purpose women between 15 and 45 are 
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included. Tliis metliod, wHcli is expressed as one 
birtli per so many women, enables more accurate 
comparisons to be made between one country and 
another than the first method which gives what is 
known as the crude birth-rate. The births 
registered in the United Kingdom in the year 1931 
numbered 632,081 and were in the proportion of 
15-8 per 1,000 of the population at all ages. This 
rate was 0-5 per 1,000 above the corresponding 
rate in 1930. Compared with the average in the 
ten years 1921-1930, the birth-rate in 1931 
showed a decrease of 2’5 per 1,000.— 



Birth-rate per 1,000 living. 

OoTintries. 

1901- 

05. 

1906- 

10. 

1911- 

15. 

1916- 

20. 

1921- 

25. 

1926- 

30. 

1931. 

England and Wales • 

28-2 

26-3 

23-6 

20-1 

19-9 

16-7 

15-8 

Scotland 

29-2 

27-6 

25-4 

22-6 

23-0 

19-9 

19-0 

Ireland 

23-2 

23-3 

22-7 

20-5 

21-4 

20-2 

20-0 

Total 

26-9 

25-7 

23-9 

2M 

21-4 

18-9 

18-3 


In Great Britain in the year 1876, the birth-rate attained 
the highest point on record, viz., 36-3 per cent. ; since this date 
the rate has fallen year by year with a few insignificant 
exceptions, mtil in the year 1931 it was only 15-8 
per 1,000. 

The birth-rate is higher in towns, because there is a higher 
marriage-rate and women marry at an earlier age and, more- 
over, there is greater infantile mortality, further, urban 
districts have a greater proportion of women of marriageable 
age. One of the main factors determining the birth-rate 
should be the marriage-rate, not the marriage-rate of the 
same or even of the next preceding year, but the combined 
rates of several years. Commercial prosperity increases 
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the birth-rate, owing to an increased number of marriages. 
The birth-rate is high in mining districts and large industrial 
centres ; and, as a rule, it is high among the poor. As we 
have seen, the birth-rate in England is falling and there is 
at , present no indication of any real check in the decline : 
but this decline is not confined to England by any means, as 
it is a feature common to nearly all European countries and 
also to the principal colonial states. 

The following table demonstrates this point clearly - 

Annual Birth-Rate Per 1,000 Persons Living. 


Countries. 

1901- 

1905. 

1906- 

1910. 

1911- 

1915. 

1916- 

1920. 

1921- 

1925. 

1926- 

1930. 

England & Wales 

28-1 

26-2 

23-6 

20-1 

19-9 

16-7 

Austria 

35-6 

33-7 

26-8 

16-8 

22-2 

17-6 

Belgium 

27-7 

24-6 

20-9 

14-8 

20>6 

18-5 

France 

21-2 

19-9 

17-2 

13-2 

19-4 

18-2 

Germany 

34-3 

31-6 

26-3 

17-9 

22'1 

18-4 

Hungary 

37-2 

36-7 

32-2 

21-8 

29-4 

25-8 

Italy . . 

32-6 

32-7 

31-4 

23-0 

29-2 

26-3 

Norway 

28-6 

26-3 

25-0 

24-6 

22-0 

17-9 

Spain . . 

35-0 

33-6 

30-8 

29-0 

30-2 

29-2 

Switzerland . . 

28-1 

26-0 

22*7 

19-1 

19-5 

17-5 

New Zealand . . 



26-0 

24-3 

22-2 

19-8 

Japan 

31-7 

32-7 

33-5 

33-0 

34-6 

33-9 


Apart from fluctuations in the marriage-rate, there are 
other factors at work tending to a decrease in the birth-rate, 
chief amongst which is the deliberate prevention of con- 
ception. The effect of the faU of the birth-rate on the growth 
of the population has been, to some extent, modified by the 
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concurrent fall in the death-rate, but obviously this fall in 
the death-rate cannot continue indefinitely, and, other 
factors being equal, the results of the next census will show 
a further reduction in the proportion of children in the popula- 
tion. The proportion of male to female children born is 
as 104 to 100, but before 'the end of the second year 
the figures approximate owing to the greater mortality 
among male infants. There is a greater tendency towards 
male births in large families and among the early born 
than the late born. 

Amongst other causes of the decreased birth-rate must 
be reckoned the general tendency towards postponement of 
marriage to a later age and the diseases of sex which appear 
as a concomitant to postponed marriages. Again, there 
is a definite diminution of desire for offspring, because of 
competing pleasures and of increased strain of the struggle 
for existence, resulting in an increase of mental and nervous 
diseases in general. A high infant death-rate is usually 
accompanied by a high birth-rate, and conversely, a low 
infant death-rate hy a low hirth-rate. 

The illegiiimtte birth-rate is usually reckoned in the same 
way as the birth-rate, i.e. as a proportion to every 1,000 
persons living. It is occasionally stated as a proportion to 
the total births, but this i.s misleaduig, as the total number 
of births varies as the marriage-rate, and this is greatly 
dependent on the activity of trade ; consequently, if trade 
is <lepre.ssed, the marriage-rate is low and the proportion 
of illegitimate births appears unduly high. A more accurate 
method would be to reckon illegitimate births as a proportion 
to every 1,000 unmarried women at childbearing age, viz., 
15 to 4r5. The illegitimate rate varies in different countries 
and districts. There is probably no single explanation of 
the wide variations in the rates of illegitimacy, but differences 
of religion, of social conditions, of race and of the 
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marriage laws particularly in regard to the possibility of 
legitimization by subsequent marriage, must all be taken 
into account. 

Sources of error in birth statistics : The principal sources 
■of error are to be found in defective registration. There is 
no reliable check by which failure to register births can in all 
•cases be detected. 

The registration of illegitimate births is always less com- 
plete than that of the legitimate. 

Marriage-Rates. 

The crude marriage-rate can be obtained, like the birth- 
rate, as the proportion of persons marrying per 1,000 of the 
population living in the middle of the year. This rate is 
useful for comparing the rates of marriage in a population 
from year to year, but it is not adapted for comparisons ex- 
tending over a long series of years because it takes no account 
of the effects of changing constitution of a population, nor 
is it well adapted for comparing the rates in two or more 
commmiities because of the difference in the sex and age 
constitution of the respective populations. In view of this 
changing constitution, a better method of measuring the rate 
■would be to eliminate the married persons and young children 
and to calculate the rate on the mimarried and widowed por- 
tion of the population, aged 15 and upwards, so dealing with 
that section of the population only in which marriages take 
place. A still more precise method would be to take account 
not only of the changes in the proportion of marriageable 
persons, but also of the changes in their ages. A difficulty, 
however, arises in attempting to make such a calculation 
owing to the comparatively high proxDortion of unstated ages 
in the marriages of earlier years. On the assmnption, however, 
that an approximation to the number of marriages in each 
group may be obtained by distributing the unrecorded ages, 
in the same proportion as the recorded, a rate has been cal- 
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culated by the Eegistrar Geaeral for the period of 1876-1880 
based on the age constitution and proportion of marriageable 
persons, women, in the census of 1901. Taking this corrected 
rate as a standard, the marriage-rate in 1908 when compared 
with the rate for 1876-1880 shows a fall of 15-4 
per cent. 

The marriage-rate is always higher in towns than in rural 
districts, because a number of young country people go to 
the towns for work and there marry. Moreover, in towns 
there is always an excess of young people of marriageable age. 
Trade also influences the number of marriages : if good, 
the number increases. The increased competition in life, 
the higher standard of living and education, and the desire 
for personal comfort, in combination with the increased price 
of many of the necessities of life, have all exercised their 
influence in bringing about a decline in the marriage-rate. 
Not only has there been a decline in the rate, but the average 
age of marriage is gradually rising. This is reflected in 
fecundity of the marriage, as this is influenced by age, especi- 
ally tlie age of the wife. Since 1873 the mean age at marri- 
age has gradually risen in England. The age of maximum 
fecimdity is for men 25-26 and for women 18-19. In England 
the average number of children per marriage is 4' 6. 

In India the marriage-rate based on the number of persons 
married to the total population returning civil conditions was 
402 •35 per 1,000 of persons according to the census of 1921 
and 582- 5 according to that of 1931. 

Death-Rates. 

The death-rate may be expressed either as a proportion 
to every 1,000 of the mean joopulation, or as one death per 
so many living. In order to obtain the general or gross 
death-rate (annual), it is necessary to multiply the number 
of deaths by one thousand and divide by the population 
at the middle of the year, if the population be 20,000 
and the deaths during the year amount to 400, then 
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400x1,000 =20 per 1,000. Wlieii the returns are required 
20,000 

for a shorter period than one year, a different method 
has to be adopted ; one may desire weekly or monthly rates 
and these rates represent the number of deaths that would 
take place per 1,000 of the population in a year, if the propor- 
tion of deaths to the recorded population in these shorter 
periods were maintained throughout the year. The correct 
number of days in a year is 365-24226 and of weeks is 
52*17747. The birth-rate or death-rate may be accurately 
calculated from weekly, monthly and quarterly returns, as 
follows :~To estimate weekly rates : — 

number of deaths during the weekxQi . 17,747 X 1,000. 

Population 

Monthly rates are obtained thus : — Number of deaths in 
4 weeks X 13 X 1,000 
Population 


Quarterly rates thus ; — Number of deaths in the quarter 


X 4X1,000 


Population 


There is another way in which these rates can be 
arrived at. 


First ascertain what may be called the 30 or 31 days 
population of the town or district in this manner, e.g., the 
population equals 643,148=Log. 5-8083109. The number 
of days in a month equals 31=Log. 1 • 4913617 and the number 
of days in a year 365=Log. 2-5622929, then — 

The population x the number of days in a month under 
365 

consideration equals the 31 days iiopulation, equals Log. 
71 
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4-7373797. Now, tte deatk-rate equals the deaths x 1,000 ; 

Population 

therefore, if in. the above example the deaths were 
785, then 785x1,000 equals Log. 5-8958697 equals Log. 

Population Log. 4*7373797 

1 • 1574900=14-37 the death-rate. 


The fohowuig tables give the crude annual death-rates 
per 1,000 living in the countries mentioned : — 


Countries. 

Death-rates. 

1901- 

1905. 

1906- 

1910. 

1911- 

1915. 

1916- 

1920. 

1921- 

1925. 

1926- 

1980. 

1931. 

1932. 

Enuland aucl Wales 

lO-o 

14-7 

14- .3 

14-4 

12-2 

12- 1 

12*3 


HcotUmd 

17-1 

16-1 

li>-7 

14-9 





Ireland 

17-0 

17- :: 

lh-8 

If 6 





United Kingdom . , 

10-3 

15- 1 

14-7 

14-8 





India 

.33- 1 I 

34- R 

30-1 

38-2 

26-6 

26*9 



Bombay Prcsideney 

1 38- 7 1 

30-5 

1 29- 1 

44-7 

25-3 

28-4 



Bombay .. ., 

C4-1 

40-8 

32- 9 

48.3 

32-9 

21-8 

21-6 

19*7 


Countries, 

Quinquennial 

period. 

Death-rate. 

j New Zealand 



1923-27 

8.6 

f Australia . . 



1923-27 

9.5 

i Canada 



1922-26 

11.1 

N orwav 



1922-26 

11.3 

Sweden 



1922-26 

11.9 

U. S, America 



1921-25 

11.9 

^England and Wales 



1923-27 

12.0 

Belgium 



1922-26 

13.2 

Germany 



1922-26 

13v4 

1.377 

Scotland 



1922-26 

Austria 



1921-25 

15.7 

Italy 



1923-27 

16.5 

Spain 



1922-26 

20.0 

Japan 



1922-26 

1 21.2 

Russia 



1921-25 

25-8 


The above death-rates are known as the general or crude 
■death-rates. These have to be subjected to correction 
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according to the age and sex distribution of the population. 
Correction for age is necessitated, because the death-rates 
for the age-periods between 5 and 55 are lower than those 
for ages below 5 and above 55. If therefore in any district 
there is, compared with some other district, an excess of 
population between 5 and 55, there will be a lower death-rate, 
because of this less liability to death at these age periods ; 
this liability reaches a minimum at the 10-15 age-period 
and thereafter rises steadily throughout life. In many 
towns there is a considerable immigration of young adults 
seeking employment and, moreover, most towns contain 
a smaller proportion of people of great age, as many of them 
retire to the country to spend their later days. Correction 
for sex is necessary because, as a class, females live longer 
than males, the death-rate among the latter being uniformly 
higher except at ages 10 to 20. In many towns, especially 
seaside and watering places in England, there is a large 
influx of young adult women of the servant and waiting-maid 
class, among whom the liability to death is comparatively 
small. These facts tend therefore to lessen the true death- 
rate of the place and, to allow for this and obtain a more 
correct death-rate, the Registrar-General of England devised 
a method by which the crude death-rate of the large cities 
and towns of England and Scotland could be made comparable 
to that of England and Wales generally. This new rate is 
known as the corrected death-rate. The method consists in 
estunating a series of factors by which the crude rate is 
multiplied, resulting in a raising or lowering of that rate to 
what it would be if the age and sex population of that 
particular town were the same as in England and Wales as 
a whole. 

The factor is obtained in the following manner. In the 
first place it is necessary to calculate the index death-rate 
of the population under consideration. This is a death- 
rate calculated on the hypothesis that the mortality of the 
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population at each, age-period and for either sex corresponds 
to that obtaining in the country as a whole. 

The population is classified separately by sexes in quin- 
quennial age-groups and for the purpose of calculating the 
ifid&x dedth-Tote of the district or town in question, it is 
assumed that those living in each of the groups will die at 
the same rate as those dying in the similar age-periods in 
the country generally ; and thus a hypothetical number 
of deaths is arrived at on the basis of applying the death-rates 
of the country at diSerent age-periods to the population 
under consideration. 


Thus the 

^ - , ,, . Total deaths thus calculated X 1,000 

Index dcath-iate= ^ 

and from this we can ascertain the factor for that particular 

town. 

Factor— for the whole country 
“Index death-rate of the touTi 

Example 

The population of a country as divided into quinquennial 
age-gi’oups and diferent sexes with the mortality rates for 
different ages and sexes are as given below : — 


Population of the Province. 


Males. 

Females. 

Males. 

34,710 

33,922 

296 

46,404 

41,628 

25 

55,713 

35,670 

17 

69,822 

40,459 

24 

2,36,661 

1,13,064 

22 

1,95,233 

72,073 

20-5 

84,966 

36,148 

31 

32,276 

19,068 

65 

15,547 

1 

12,550 

157 


Death-rates per 1,000 
of Males & Females 
and according to 
Age-groups. 


291 ' 

29- 5 
23 

30- 5 
27 

28-5 

34 


i-rate of the countr}’- is : — 45-58. 
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Similarly tlie population of a town in tlie country divided 
into age and sex groups is as follows : — 


Population of a Town. 


Males. 

Pemales. 

0—5 

677 

670 

5—10 

732 

690 

10—15 

756 

601 

15—20 

589 

478 

20—30 

1,162 

1,081 

30—40 

1,000 

814 

40—50 

647 

573 

50—60 

407 

366 

60 and upwards 

280 

302 


6,249 

5,575 

5,575 



Total 

11,824 



Total deatlis calculated in the town according to death- 
rates of the different age and sex groups of the cormtry. 


M. 

F. 

200 

195 

18 

20 

13 

14 

14 

14 

26 

29 

20 

23 

21 

19 

26 

23 

44 

58 

382 

395 

395 

— 

777 deaths. 
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Index death-rate is calculated thus : — 

11,824 .. 1,000 777 =6o-7 

Tlif Index death-rate for the town is 65*7 per 1,000, 

death-rate of country 45'58 

Factor for correction = death-rate of ^ 

The recorded death-rate of the town is 31*02 per 1,000. 

The corrected (standardised) Eecorded death-rate x 
death-rate would then be X Factor for correction. 

=31*02x •7=21*7. 

Owing to the proportion of persons of low mortality (young 
adults and females) being excessive in most towns, their 
recorded death-rate is too low and consequently their factor 
is above unity and therefore their recorded death-rate reads 
at a lower figure than the corrected. Corrections are also 
made for non-resident persons. As a general rule, deaths in 
large public institutions, such as asylums, prisons, hospitals, 
workhouses, etc., are relegated to the district from which 
the . individual came. To do otherwise would result in 
unfairly raising the death-rate of a town in which one or 
more of these institutions happened to be located. 

In India no factors exist for age and sex correction, and 
the term corrected death-rate as applied to the Bombay 
City statistics is merely indicative of the fact that all deaths 
of individuals, whose residence in the City has not exceeded 
10 days, have been excluded. 

There are certain other terms applied to death-rates to 
which it is necessary to refer. 

Combined death-rate . — By this is understood the mean 
death-rate of two populations, perhaps adjoining ; the esti- 
mation thereof is a frequent source of error to students, 
usually arising from faUuie to take into consideration the 
proportion which the two populations bear to one another 
e.g., if two towns were of equal population, say 30,000 an d 
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tFe death-rate of one was 22 and of the other 16, then ther 
combined death-rate is 22-|-16 

— 2 — =19 per 1,000; but if the 

towns have a dissimilar population, e.g., 42,000 and 18,000' 
and the respective mortalities were 22 and 16, then A with 
42,000 population and a death-rate of 22=924 deaths, and 
B with 18,000 population and a death-rate of 16 gives 288 
deaths : that is to say the combined populations, viz., 60,000 
give 1,212 deaths, then 1,212x1,000=20-2, the true com- 
60,000 

bined death-rate. 

Specific Death-Rates. 

Special or specihc death-rates are the rates of specified or' 
limited sub-groups of the population. These latter may 
be obtaiaed by dividing the population according to sex, 
age, race, social condition, occupation and so on. 

They may be stated as the proportion of the number of 
deaths per annum in the sub-group per 1,000 of the mean 
annual number of the population in that sub-group. 

Among the more important specific death-rates are those 
relating to age-groups, race-groups and sex. 

The Comparative Mortality Figure. 

If the corrected death-rate in each town be compared with 
the recorded death-rate at all ages in England and Wales 
taken as 1,000 we get a number known as the comparative 
mortality figure, or es^ressed in another way, after correcting 
the gross death-rate of a town for age and sex, the same 
number of people that gave 1,000 deaths in England and 
Wales gave — ? for that particular town. 

The comparative mortality figwe is obtained thus — 

The corrected, death-rate X 1,000 


Death-rate of England and "Wales. 
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This implies that, after making aEowance for age and sex 
distribution of the population, the number of persons that 
in England and Wales furnished 1,000 deaths, in the parti- 
cular town under consideration furnished so many ; e.g. 
for Huddersfield in 1897 the death-rate was 19.07 and that 
for England and Wales was 17.43. The comparative morta- 
lity figure, therefore, was 

19-07 X 1,000 
=-1,094. 

17-43 

. • .the number of living persons that in England and Wales 
furnished 1,000 deaths, actually furnished 1,094 in Hudders- 
field. 


Eaotoes Affecting Death-Rates. 

Death-rates are affected not only by the statistical 
methods used in their preparation and by the age, sex, and race 
composition of the population, the social, marital, and econo- 
mic status of the people, the nature and conditions of 
employment and the adaiitability of a people to their environ- 
ment, but also in limited areas by a number of other factors, 
such as the location of hospitals and institutions. 

(1) Migration affects death-rates by 
changing the age, sex, or race composition of the populations. 
Migrants are likely to consist more largely of males than of 
females, of young adults than of the extremes of life. The 
effect of migration depends upon whether the balance is one 
of emigration or immigration and the nature of the migrants 
lost or gained. 

(2) Marital condUion.—Moitaiitj in certain countries 
seems to be more dependent on marital conditions than on 
sex. This is shown hy the Mowing table taken from a 
paper entitled “ Some Researches Concerning the Factors of 
Mortality,” by Lucien March (Journal of the Royal Statis- 
tical Society, London, March, 1912) : 
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Table 1.— Showing for the 'period 1886-1895, the number of 
deaths per 10,000 persons according to their marital 
status in France, Prussia and Sweden. 


— 

Males, aged 

Females, aged 

20-39 

40-59 

60 and 
over. 

20-39 

40-59 

60 and 
over. 

France : 







Married . . 

77 

153 

683 

80 

121 

466 

Single 

103 

246 

794 

78 

166 

730 

Widowed or divorced . . 

211 

293 

1,148 

145 

198 

930 

Prussia. 







Married . . 

71 

176 

582 

79 

128 

497 

Single 

84 

1 231 

806 

59 

179 

729 

Widowed or divorced . . 

201 

346 

1,091 

101 

172 

806 

Sweden : 







Married . . 

53 

114 

453 

66 

96 

364 

Single 

83 

204 

690 

61 

120 

528 

Widowed or divorced . . 

104 

190 

856 

98 

132 

698 


(3) Non-residents — Hospitals and Institutions. — ^Fre- 
quently a hospital or otter institution will be located in one 
community while its patients or inmates wiU come largely 
from other places. The extent to which this is true depends 
upon the nature or reputation of the hospital or institution. 
The result may be that the local death-rate will be afiected to 
an appreciable extent by deaths of non-residents in such 
institutions. In England and Wales this difficulty has 
been overcome by the allocation of aU deaths so far as 
possible to the locality of usual residence. 

(4) Influence of season . — ^As a rule, mild winters and 
cool summers lower the death-rate, the former especially 
in the old and the latter in the young, especially in 
infants, the saving arising chiefly from the drop in deaths 
from Diarrhoea. There is generally a summer maximum in 
Diarrhoea and Thrush ; in winter, in diseases of the heart, 
lungs and liver, and in spring, in Small-pox and Pertussis. 
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(5) Influence of — This appears marked in certain 
diseases: Diarrhoea, Erysipelas, Small-pox and Pertussis have 
a ma.yiTrmni mortality in the first year (Small-pox has a 
.second Tna . x iTn n rn at age 25). Measles, Scarlet Fever and 

Diphtheria have their highest death-rates during the first 
few years of life. Cancer increases from age 25 onward, and 
Phthisis, which appears to be at a minimum at the 5 — 10' 
age period, increases thereafter upto 45. 

(6) Influence of the hirth-rate. — ^Death-rates are said to b e- 
influenced by the birth-rate. If there is a high birth-rate, 
there must be a large proportion of infants and young children 
in the population, and as the death-rate in infants is high, 
the general death-rate of the district must be raised ; but, 
if this high birth-rate be continued over a long-period, then 
there will be not only a large number of infants but also of 
young adults in the population of an age at which mortality 
is usually low ; and moreover, one must remember that a 
high-birth-rate implies the presence in the district of adults 
at the child-bearing age, and among them also the death-rate 
is low. The mean age of a population really governs the- 
death-rate, for the lower the mean age of the living, the lower 
should be the death-rate. 

(7) Influence of ocmpation . — ^Various methods pf classi- 
fication may be adopted, a very useful one being professional, 
domestic, commercial, agricultural, and unoccupied. Simi- 
larly, there are various methods of comparison, e.g., diflerent 
trades may be compared on the basis of the mean age at 
death of those engaged ; or again, the comparison may be 
made by the proportion between the numbers engaged in 
and dying in any occupation expressed as a rate per 1,000. 
Both these methods fail to take into account the different 
ages of those engaged in the various trades, and for that 
reason the best method is that which compares the mortality 
of those engaged in one occupation of a definite age with 
the mortality of those engaged in another of the same age.- 
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Now, in all statistics relating to occupational mortality, 
there are certain sources of error arising chiefly from vague- 
ness, in the census returns, of occupations, or from the fact 
that those who follow different industries do not always 
start on equal terms, e.g., in general, a weakling would not 
become a navy or a blacksmith, but rather take to a trade 
requiring less strength. On the other hand, a weakly indi- 
vidual may start in an occupation which requires much 
strength and endurance and finally have to abandon it for 
a trade less strenuous and so tend to raise the death-rate 
in the latter. 

The causes which render certain trades more or less harm- 
ful include bad lighting and ventilation of work-rooms with 
perhaps over-crowding, long hours and over-work, exposure 
to extremes of temperature and to vapours and gases and 
to dust, whether mineral or organic ; moreover, certain 
trades appear to encourage the habit of intemperance, Dr. 
Tatham in his letter to the Registrar-General, on the mor- 
tality in certain occupations in the three years 1900 — 1902, 
deals at length with the mortality incident to the chief in- 
dustries of England. This latter appears as a supplement 
to the 65th report of the Registrar-General, 1908. Dr. 
Tatham has selected, as the main working part of life, the age 
period 26 — 60 and has prepared a comparative mortality 
figure for each occupation depending on the rates of mor- 
tality at the several age-groups. 

The disproportionate effects of work and no occupation 
are well shown in the following table, which represents the 
death-rate per 1,000 living of occupied and unoccupied 
males between 25 and 65 : — 


Class of Persons. 

25—45 

Years. 

45—65 

Years. 

Occupied males 

7*84 

22-73 

Unoccupied males , 

36-31 

57-01 
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This table shows that between 25 and 45, unoccupied 
males die four times as fast as occupied, and at the later period 
of life 45—65, nearly 2|- times as fast. During the last ten 
years, the mortality of the occupied has declined by 16, 
which decline has been shared by more or less all industries ; 
but among the following there has been an increase : — 
lacemakers, hosiers, copper and tin miners, general shop- 
keepers and 'labourers. During the same period the mor- 
tality of the unoccupied has increased by -Ith. 

The efiects of various occupations on health are shown 
in various tables, from which one sees that at the head of 
the list in regard to healthiness of work are the members 
of the various religious denominations, followed by garden- 
ers, nurserymen and agriculturists in general. At the op- 
posite end of the list are to be found general labourers, tin 
miners, and inn-keepers with their servants. Medical 
men have a comparative figure of 950 to 760 of the legal 
profession and 624 of the clergy. 


Companative Mobtality J’i&ures, occupied and 
Retired Males, Age 25—66 : — 


Clerical 



524 

Shoemakers . . 


Agriculturists 



602 

Commercial Travellers 


Schfiolmastors 



665 

Printers 


Grocers 



729 

Chemists 


Coal merchants 



731 

AH Occupied and Retired 

Ironmongers . . 



741 

Males 


Legal . . 



750 

Tailors 


Tanners 



774 

Metal workers 


Artists, etc. . . 



823 

including — 


Milk-selJers . . 



832 

(a) Lead workers 


Drapers 



846 

(6) Zinc workers 


Millers 



890 

(c) Copper workers 


Bakers 



922 

(d) Brass workers 


Domestic servants 



927 

(e) Tool file and 

saw 

Stationers 



931 

makers 


Bookbinders . . 



934 

Hatters 


Saddlers 



945 

Butchers 


Medicals 

Tobacconists 



962 

962 

Transport service 

Hair dressers 


Lithographers 



964 

Musicians 


Fishermen - . 



967 1 

Publicans 



984 

988 

994 

999 


1,004 

1,027 

1,027 


1,408 

889 

1,090 

1,154 

1,315 

1,137 

1,148 

1,190 

1,196 

1,261 

1,808 
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As to the causes of death, Pulmonary Tuberculosis 
and Diseases of the Eespiratory System taken together 
account on the average for more than one-third part of 
the total mortality of men in the main workmg time of life, 
and in some industries the proportion is much higher than 
this. File makers, potters, cutlers, copper and tin miners 
have from 4 to 10 times the mortality from Phthisis 
and Eespiratory Diseases that obtains amongst agricul- 
turists. Coal, iron and stone miners and carpenters appear 
to suffer less severely than the above from Pulmonary 
Diseases. Agriculturists appear to have the same death- 
rate from Eespiratory Diseases in general as from Tuber- 
cular Phthisis but the following table gives a list of occu- 
pations ill which the workers suffer more from Tubercular 
Phthisis than from respiratory diseases in general. 


Workers in Industries, 

Phthisis. 

Diseases of the 
Respiratory 
System. 

Agriculturists . . 

85 

86 

Carpenters 

loO 

126 

Bakers 

165 

162 

Carpet manufacturers . . 

180 

179 

Bricklayer masons 

194 

183 

Rope-cord makers 

207 

174 

Cycle, motor manufacturers . . 

217 

164 

Tinplate manufacturers 

221 

189 

India-rublier workers . . 

244 

183 

Brass workers . . 

272 

228 

Wood turners . . 

271 

233 

Farriers . . 

316 

217 

Glass manufacturers 

283 

268 

Chimney sweeps 

284 1 

272 

Lead minors 

324 

274 

File makers 

387 

325 

Cutlers, scissors makers . . . . i 

533 i 

313 

Tin miners 

816 

741 


On the other hand, in the following occupations the 
worlcers suffer less from Tubercular Phthisis than from Ees- 
piratory Diseases in general, viz., iron-stone miners, coal 
miners, wool manufacturers, millers, blacksmiths, -gaswork 




1134 


Sanitation in India. 


men, stone quarriers, chemical and cotton manufacturers, 
me workers, lead workers, coal heavers, gunsmiths, copper 
workers, potters and copper miners. 


■ The efiects of breathing foul, though not necessarily 
dusty, air are seen in the following table which gives a Hst 
of twenty industries in which the workers appear to suffer 
mjury in various degrees. The table indicates that in 
14 iadustries the workers succumb to Pulmonary disease 
from twice to three times as fast as do agriculturists generally. 
It further shows that in 18 out of the 20 industries, the workers 
die more from Phthisis than from diseases of the lungs 
other than Phthisis, the excess rangmg from 13 per cent, in 
the case of hatters to 139 per cent, in the case of lithographers. 


Workers in Industries. 


Phthisis. 


Disease of the 
Eespiratory 
System. 


Agriculturists , . 
Artists and engravers 
Drapers . . 
Watchmakers , . 
Oommereial clerks 
Saddlers . . 


Lock and key makers 
Cabinet makers 
Tailors . . 

Textile dyers 
General shopkeepers 
Shoemakers 
Tobacconists 
Hair dressers , . 
Printers . . 
Bookbinders 
Mu-sieians 
Hatter.s . . 


Lithographers 

T,a,w (IlmA-s 


85 

86 

156 

111 

203 

105 

189 

127 

202 

121 

224 

122 

261 

109 

251 

125 

224 

161 

228 

166 

248 

157 

193 

218 

354 

308 

271 

149 

246 

177 

258 

172 

300 

131 

276 

174 

324 

178 

280 

248 


Effect of Chronic Lead-poisoning. 


The following table, which refers to the occupied males 
only, .shows the mortality due to lead-poisoning in certain 
trades. Taking the standard mortality as unity, lead workers 
have a mortality 103 times as great, file makers 57 times, 
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painters and plumbers 22 times, potters 9 and glass workers 
8. With the exception of painters and plumbers, the figures 
show a considerable decline on those of the previous decade. 

This decline is possibly due to the supervision which is 
exercised on those trades carried out on a large scale, by 
Factory Inspector, etc., as opposed to trades such as plumbing 
and painting, where the same trained supervision is not 
in force. 


Workers in Industries. 

Comparative mortality figures. 

1890-91-92. 

1900-01-02. 

Lead -workers 

■243 

103 

Pile makers 

87 

57 

Plumbers and Painters. . 


22 

Potters 

19 

9 

Glass workers . . 

13 

8 

All occupied males 

1 

1 


(8) Influence of density of ■yojmlaiion.—Tlh.e. density of 
population can be calculated in terms of so many persons to 
each square mile, or in terms of so many acres occupied by 
each person in the population. Tables compiled in former 
years would appear to show that when there are more than 
400 persons per square mile, then the death-rate increases 
with the density, other things being equal, not in direct 
proportion but as the root 

Newsholme, however, has pointed out that there is little 
or no connection between such density per se and a high 
mortality, and that the true index of density is the number 
of persons per occupied room. Modern experience in regard 
to hotels, flats, barracks, etc., has shown that if a proper 
regard is paid to the sanitary construction and conduct of 
a building, the influence of the number of persons per acre 
is practically negligible. Two localities may have the same 
absolute density of population and yet the death-rates may 
-vary widely, by reason of the fact that one district may be 
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well planned with, wide main streets and open cross streets 
and the other may consist mostly of closed courts and alleys 
with no through ventilation, and bad lighting. Of course, 
given precisely similar conditions in two districts, then 
naturally the more persons there are per acre, the greater 
should be the death-rate, if only on account of the increased 
facilities for the spread of infectious diseases. There must 
be a limit to the number of houses which can be erected 
on a given area without causing injury to health, and it has 
been distinctly shown that, in similar districts, a definite 
relationship exists between density per acre and the death- 
rate, but this is due to the fact that, all things being equal 
density per acre is dependent on the number of persons per 
room, and that, beyond doubt, exercises a powerful influence 
on sickness and the death-rate for two reasons : (1) the greater 
the number of pei^i^s per acre, the more are infectious 
diseases spread ariH'the greater the injury to health from 
breathing impure air ; and (2) a higher proportion of persons 
per acre implies a greater degree of poverty, with the result 
that food is liable to be deficient both in quantity and quality ; 
and also intemperance and vice in general add their effects 
to those produced by over-crowding. In England, as a whole 
it is found that the percentage of over-crowded tenements 
is higher among one than two-roomed tenements and much 
higher in the latter than among three-roomed, falling to a 
comparatively low point for four-roomed tenements. Er. 
Niven has published certain statistics in this connection 
relating to the City of Manchester. 


Rnonis in 
tejimpnt. 


All Causes, Zymotic. 


Death-rates per 1,000. 


Phthisis. Respiratory 

Disease m general. 


32.7 
21.3 

13.7 
11.2 


7.4 

4.0 
l.f) 

1.0 


2.4 

1.8 

1.2 

O.T 


7.6 

4.6 
2.4 
o n 
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In 1892 the average density in England was about 600 
per sq[uare mile or 0- 8 per acre. In 1931, it was 685 per 
square mile or 1-07 per acre. In Bombay the average 
density per acre is 75, and the density varies from 19 per 
acre in Sion to 636 per acre in Second Nagpada. That density 
fer se is not the cause of a high rate is shown by the experience 
of the huge hotels and flats now seen in many large cities. 

(9) Influence of sex . — On the whole, the death-rate 
among women is much less than among men, but the mortality 
appears to be higher in females from Rheumatism, Erysipelas, 
Diphtheria, Cancer, Anaemia and Pertussis, 


Rates fer 1,000 living ; corrected for age and sex. 


Year. 

Males, 

Females. 

1881-85 

20.1 

17.5 

1886-90 

20.0 

17.2 

1891-95 

20.0 

17.2 

1896-1900 

19.1 

16.2 

1901-1905 

17.4 

14.6 

1906-1910 .. 

15.8 

13.2 

1911-1915 

15.1 1 

12.4 

1916-1920 

15.1 

11.9 

1921-1925 

12.1 

9.9 . 

1926 

11.2 

9.1 

1927 

11.8 

9.6 

1928 

11.1 

8.9 

1929 

12.7 

10.4 

1930 

10.8 

8.5 

1931 

11.4 

9.2 


Infantile Death-Rates. 

The infantile mortality is occasionally stated as a propor- 
tion per 1,000 of the general population, or again, as a pro- 
portion to the total deaths. 

The most usual method adopted, however, is that which 
states it as a proportion of deaths of infants under one year 
of age to the total number of births registered during the year. 

It is obtained by multiplying the actual number of deaths 
of infants under one year by 1,000 and dividing by the number 
of births during the year. 
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In England and Wales in the year 1931, there were 
41,939 deaths among infants, giving a death-rate of 66 
per 1,000. 


Year. 

1901- 

1905. 

1906- 

1910. 

1911- 

1916. 

1916- 

1920. 

1921- 

1925. 

1926- 

1930. 

1931. 

Death-rate 

138 

117 

110 

91 

76 

68 

66 


If the records for a long series of years be examined, it 
will be found that the mortahty rates are subject to wide 
fluctuations and that these are moat marked in the 3rd q^uarter 
of the year, when epidemic Diarrhoea becomes most prevalent. 

This excessive rise has been shown to be associated with 
a high summer temperature, especially when accompanied by 
deficient rainfall. 

Eecent investigations tend to show that there is some 
association also with the increase in the number of the domestic 
house-fly. 

As a rule, the infant mortality is lowest in a purely agricul- 
tural district, and highest in mining centres and large towns 
associated with large textile works. 


Table shomm^ Infantile Mortality in urban and rural 
groups. England and Wcdes. 


Cause of Death. 

Ratio of urban to rural mortality, the 
latter being taken as 100. 


Under 3 
months. 

3—8 

months. 

6—12 

months. 

Under 

1 year. 

All Causes 

114 

152 

1 

130 

Whooping Cough . . 

72 

87 

90 

85 

Dianhceal Diseases 

221 

263 

305 

263 

Premature births . . 

104 

179* 

67* 

105 

Congenital Defects 

118 

119 

78 

115 

Atrophy, Debility and Ma- 
rasmus . . 

97 

129 

167 

106 

Tuberculous Diseases 

156 

166 

1.53 

158 

Convulsions 

109 

101 

88 

104 

Bronchitis and Pneumonia. 

122 

149 

150 

140 


* These rates arc of little signihcance owing to the paucity of the data 
on which they are founded. 
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The following table gives the infantile death-rate in 
Bombay City during the period of 1901-1932 - 


Year. 

Rate. 

Year. 

Rate, 

Year. 

Rate. 

1901.. 

574.. 5 

1911.. 

379.8 

1921 . . 

*666.7 

1902.. 

542.8 

1912.. ■ .. 

448.2 

1922.. 

402.7 

1903.. 

532.3 

1913.. 

381.1 

1923.. 

411 

1904. . 

459.2 

1914. . 

385.1 

1924.. 

419 

1905.. 

557.1 

1915.. 

329.2 

1925.. 

366.7 

1906.. 

534.7 

1916. . 

387.8 

1926.. 

389 

1907.. 

423.6 

1917.. 

409.6 

1927.. 

316 

1908.. 

450.1 

1918.. 

*590.3 

1928.. 

311 

1909.. 

404.7 

1919.. 

*652.8 

1929.. 

298 

1910. . 

413.9 

1920. . 

*652.2 

1930. . 

296 





1931.. 

272 





1932.. 

218 


* Epidemic yeais. 


It is necessary to point out, however, that high as the 
infantile death-rate is in Bombay, it is not so excessive as the 
above rates would appear to indicate. This is due to the fact 
that, although all deaths are accurately known and registered, 
the same standard of registration does not obtain in respect of 
births, owing to obvious differences in the sources of information 
and the secretive habits of the people in regard to births. 

The subject of infant mortality has, of late years, greatly 
attracted the attention of the public health authorities and 
others interested in the waste of infant life. 
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In the report for 1910 on the public health of Bombay, 
great stress was laid on the fact that the figures were fallacious, 
because the number of infants dying during the year under 
the age of 1 year, calculated on the number of births registered, 
was incorrect as many of the infants dying were not 
registered as bom. 

In the Annual Eeport of the Kegistrar-General, England 
and Wales, it is seen how the birth-rate is measured and it 
is necessary to adopt that system to explain the necessary 
correction in Bombay. 

Among the several factors afieoting the birth-rate, note 
must be taken of the changes in the women of conceptive 
ages in the population and of the changes in the age constitu- 
tion of the married female population ; as also of the custom 
prevailing in Bombay for pregnant women to leave the City 
and return with the child 2 or 3 months old. 

The crude birth-rate, I’.e., the proportion of registered 
births to the total population at all ages, is sufficient for 
comparing the birth-rate in a population from year to year in 
other countries ; but in India many corrections rdust be made. 

While in conjunction with the death-rate it generally 
afiords a ready means for gauging the natural increase in a 
population, in India again this would be a fallacy, as the crude 
birth-rate is not adapted for comparison over a long series of 
years, because it takes no account of the efiect of the changing 
constitution of a population in regard to age, sex, condition 
of marriage, etc. It is desirable, therefore, to make a 
comparison of birth-rates, based not only on the total 
population but also on the number of possible mothers. 

In order to get at atrue statement, it would be necessary 
to include all those children, who are born out of Bombay, of 
mothers belonging to the City, and brought to Bombay after 
birth. 
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During 1920, 4,172 of sucIl cliildren under one year of age 
were primarily vaccinated in Bombay, but a large number 
must bave escaped vaccination either by death or postpone- 
ment. From the vaccination returns it is seen that 57 . 64 per 
cent, of the births registered were vaccinated during the year : 
it may therefore be assumed that 57.64 per cent, of the 
unregistered children were also vaccinated ; the balance of 
42 . 36 having escaped vaccination through one cause or another. 

Thus the infantile population in the City during 1920 


works out as follows 

No. of births registered 19,731 

,, „ unregistered (of children vaccinated 

in Bombay) 4,172 

„ „ unregistered and which escaped 

vaccination (being 42 . 36 per cent.) . . . . 3,066 

Total No. of births 26,969 


That this is not over-estimating the figure is borne out by 
the fact that while in 1907 in England the birth-rate per cent, 
of females between 15 to 45 years of age was 10*5, in Bombay 
it was 14*3 and in Glasgow 11-4 ; while the percentage of 
child bearing women between the ages of 15 and 45 to the 
total female population was 77*6 in Bombay, it is 46 in 
England, while the percentage of married women between 
the ages of 15 to 20 in Bombay was 76*4 compared 
with *7 in England. 

The birth-rate stated in terms of the total population 
(crude birth-rate) must, however, obviously vary with the 
proportion of females of conceptive ages in the population 
and with the age-constitution of the married female popula- 
tion. Hence the comparison of birth-rates should be based 
not only on the total number of population but also on the 
number of possible mothers. 
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These variations as revealed by the census of 1931 for 
India, are shown in the following statement 


Census year. 

Proportion per cent, of women aged 15-^5 
y^rs in the total population of both 
sexes and all ages. 

I’roportion per cent, of married women in 
feWle population aged 15—45 years. 

Of the married women 
aged 15-45 years, the 
proportion per cent, of 
four groups of ages. , 

Persons married to 1,000 marriageable 
persons in the population. 

Birth-rate calculated. 

Aged 

15-20 

years. 

1 

Aged 

20-25 

years. 

Aged 

25-35 

years. 

Aged 

36-46 

years. 

On the number of births 
registered in the year. 

Per 1,000 of total population 
at all ages. 

Per 1,000 of female popu- 
lation aged, 5 — 45 years. 

1011 , . 

21.28 

79.75 

J 18.25 

27 .30 

30 .69 

14.75 

716 .75 

1920 

20 .1 

94.62 

19lil . . 

21 .2 

79.1 

15.47 

25 .68 

42 .71 

16.24 

726.9 

1921 

16.34 

76.7 

1931 .. 

21 .5 

81 .3 

17.05 

25 .22 

43 .09 

14 .64 

766.0 

1931 

23 .4 

108.7 


Besides the factors which influence in common the birth- 
rate of every community, there are some peculiar to Bombay : — 
(1) the fairly well-established custom of sending prospective 
mothers home to their parents where the baby has a better 
chance of life, so that there is in the City a number of children 
of mothers belonging to the City but bom outside it, and 
therefore not registered ; (2) the omission of parents or relatives 
to register births, through ignorance or neglect, so that there 
is a considerable number of children who have escaped 
registration. 

The infant mortality, then, should be calculated on the 
corrected number of births, which in 1920 would be 26,969 
giving an infant mortality of 404*0 per 1,000 of the births 
compared with 228*3 per 1,000 for the whole of India, which, 
although very high, is not an unreasonable difference for 
a large city and is much nearer the truth than when calculat- 
ed only on the number of births registered during the year. 

The inquiries into the causes of death of infants under one 
year and the mortality due to puerperal disease are 
continued from year to year in Bombay. 


The following statement tabulates the work of the Municipal nurses and midwives in regard to 
attendance at birth and infant visitations. It is their duty to find out and advise prospective mothers 
as well as attend on confinements and repeat their visits during and after the lying-in period ; to find 
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Tte practical remedies are ; — Tile provision of lying-in 
hospitals for the poor and free medical attendance, and the 
provision of a nurse before and after child-birth : the provision 
of lying-in hospitals will, by giving the mother good food, 
nursing and skilled attendance, do much towards giving 
the infant a start in life and enable the mother to provide 
breast-milk to support the child ; (2) the education of the 
Indian midwives at the hospital and the registration and 
licensing of these women ; the control over the Indian women 
who attend the confinements is of the greatest importance, 
and a hospital such as suggested would do a great deal in 
the direction of training such women ; and it would provide 
outdoor qualified women free, or at a small fee, who would 
be able to attend and advise the mother during and after 
confinement ; (3) the introduction of a section of the Act 
so as to prevent a woman without a certificate and license 
from attending on a confinement ; only women thus trained 
should be allowed to attend confinement and all such women 
licensed and registered ; (4) the pro-Wsions of Municipal 
milk depots where women could obtain pure milk at a 
small cost. 


The above are some practical suggestions for the reduc- 
tion of infant mortality, the reduction of mortality in women 
during puerperal state and the improvement of the health 
and physique of the child. 

They are all in force in most cities of Europe and America, 
where the State acknowledges its duty towards the people. 
A great deal is done by philanthropy and much by State- 
aided institutions ; but much is done, with the result that 
infant mortality has been greatly reduced. 


In the whole of England and Wales the infant mortality 
rate in 1931 was 66 per 1,000 births, while in some other 
large towns it was as shown below. It was 218 in Bombay 
City in 1932 : — 

London 88 per 1,000. 

Birmingham 70 ,, 

Liverpool . . . . . . . . 94 ,, 

Manchester . . . . . . . . 85 „ 

Sheffield 69 

Leeds . . , . . . . . . . 77 „ 
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The following table is of interest in comparing the rates 
obtaining in different parts of the world 


Countries. 

Quinquennial 

Infantile 

Period. 

Death-rate. 




1923-27 

40 




1922-26 

56 

N orway 



1919-23 
1922-26 . 

56 

58 . 

Netherlands 



1923-27 

59 

Switzerland 



1922-26 

62 

England and Wales 



1923-27 

72 

■United States of America 



1921-25 

74 

Denmark 



1921-25 

85 

Scotland 



1922-26 

90 




1922-26 

90 

Canada 



1922-26 

98 

Belgium . . 



1921-25 

100 

Germany 



1922-26 

115 

Italy 



1920-24 

132 

Spain 

Austria . . 



1922-26 

138 



1920-24 

146 

Japan 



1922-26 

152 

Ceylon 



1922-26 

186 

India 



1926-30 

178 


In 190S a Confereiice was held in London at which all the 
principal public health authorities were represented. The 
Conference was presided over by the Eight Hon’ble John 
Bums, M.P., and the following resolutions were passed : — 

1. That the Edxication Department be urged to add instruction 

in elementary hygiene, -with reference to the dietary and roaring 
of infants, to their present scheme for systematically training 
girls in the senior classes in the practice and the principles of 
personal hygiene and the elements of dietary. 

2. That in the opinion of this Conference immediate legislation is 

required enabling sanitary authorities to establish or support 
depots for the supply of pure or modified or sterilised milk, and 
to defray the cost out of the moneys available for public health 
purposes, 

3. That in view of the information submitted, the Conference is of 

opinion that all still-births should he notified within 48 hours to 
the Medical Officer of Health of the District in which they occur 
and that no burial should take place without a medical certificate. 
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4. That notification of all hirths be given within forty-eight hours to 

the Medical Officer of Health of the District in which they occur. 

5. That in the opinion of this Conference the question of the insurance 

of infant lives under twelve months is one demanding serious 
consideration, and with a view to receiving reliable information, 
the Government should be asked to grant a Departmental Com- 
mittee of Inquiry on the whole question. 

6. (a) That the period of one month’s abstention from factory work 

away from home now imposed on mothers be extended to at 
least 3 months, and that on their return to w'ork, evidence must 
be produced satisfactory to the local authority that proper 
provision has been made for the care of the child. 

(b) That no employer of labour shall permit a woman advanced 
in pregnancy to engage in factory labour, unless her ability 
therefor has been certified to the satisfaction of the local 
authority. 

7. (a) That having regard to the ascertained fact that in centres of 

industries, where w’omen are largely employed away from their 
homes, an excessive number of deaths of infants takes place, 
and that this is contributed to by the improper conditions 
existing at the houses in which infants are placed out to nurse, 
it is necessary that the persons by whom and the places into 
which infants are received, should be under supervision by 
the local authority. 

(b) That the Infant Life Protection Act be amended to remedy 
abuses which are not at present provided against. 

8. That all preparations offered or sold as food for infants should be 

certified by a Government Analyst as non-injurious and that 
each packet should contain its analysis. 

9. That the Dairies, Cowsheds and Milkshops Order is defective and 

that any amendment should extend the definition of disease as 
applied to animals and should make the provision of regulations 
by local authorities compulsory. That the scope of the regula- 
tions should be extended to cover dirty milk, and should enable 
local authorities to prohibit the sale of any milk which fails to 
comply with the conditions of purity agreed upon. 

10. That in the opinion of this Conference the appointment of 

qualified women specially trained in the hygiene of infancy is 
necessary as an adjunct to public health work. 

11. That in the opinion of this Conference the Midwives Act, 1902 

should be extended to Scotland and Ireland. 

The Midwives Act, 1902. 

The object of this Act is to provide skilled attention for 
poor women in child-birth ; to reduce to a minimum the 
accidents in labour which result often in permanent injury to 
either mother or child, or both ; and to abolish a class of 
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infective conditions known as Puerperal Fever, which with 
skilled care are entirely preventable. 

Section I of the Act prohibits any woman, who is not 
certified mder this Act, from using the title of midwife imply- 
ing that she is so certified. Provision for the certification 
of existing midwives is made by section II, the chief one 
being that anyone who can show that she has been in hona 
fide practice as a midwife for twelve months before the passing 
of the Act may be certified, provided she makes an application 
before the 1st April, 1905. Should she omit to make such 
application, she is not allowed to practise midwifery except 
under the directions of a qualified medical practitioner 
after the year 1910. By section X of the Act, every certified 
midwife is required to notify the local supervising authority, 
in the month of January each year, if it be her intention 
to practise within the area of such local authority. 

The Central Midwives’ Board have made rules for the 
purpose of regulating and restricting within certain limits the 
practice of midwives. It is the duty of the local supervising 
authority to ensure that such rules are complied with, and 
in detail the work to be done by the local authority is as 
follows ; — 

1. To eseroiae general supervision over all midwives practising vdtMn 

their area, in accordance with the rules made under the Act. 

2. To investigate charges of negligence or misconduct on the part 

of any midwife, and to report the same to the Central Midwives’ 

Board. 

3. To suspend any midwife from practising, in accordance with the 

rules under the Act, if such suspension appears necessary in order 

to prevent the spread of infection. 

4. To report to the said Board the name of any midwife, convicted 

of an ofiEence, practising in the area of the local sanitary authority. 

5. To supply the Secretary of the Board each year with the names 

and addresses of all midwives who have notified their intention 

to practise. 

6. To report at once to the Board the death, or the change of address 

of any midwife. 

7. To give due notice of the effect of the Act to persons at present 

using the title of midwife. 
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Causes OpERATma m Bringing About a High Ineahtile 
Mortality. 

Many of the factors are common in every locality. For 
eonvenience they may be divided into ante and post-natal 
causes ; but it must be remembered that certain causes operate 
during both periods of existence e.g., the employment of 
women both before and after labour, poverty, intemperance, 
venereal disease and insanitary surroundings, etc. 

1. Ante-natal Causes. 

Dr. J. W. Ballantine has brought into prominence the part played by 
ante-natal causes, including parental alcoholism, in swelling the infantile 
mortality rate and also lessening the birth-rate. As pointed out by him, 
from the third month onward the inf ant is brought into close relation with 
its mother. The placenta, amongst other functions, acts as a filter and 
elements which make up the foetal tissues such as bone, muscle and blood 
are transmitted by the placenta from the mother’s blood to the foetus. 
But it does not follow that the elements pass in the same chemical com- 
binations as those in which they are afterwards found in the foetus. In 
the case of maternal Tuberculosis and certain mineral poisons, the placenta 
also acts as a filter. When, however, the filtering functions break down, 
then germs, toxins, toxic substances, and sometimes anti-toxins, agglutinins 
and hcemolysins fiow across into the foetus. When this happens, various 
effects may be produced. The foetus may die at once from the action of 
the poison, or it may develop a disease in a form different from that which 
is found in the mother, or the pregnancy may end in abortion, or, in the 
later stages of gestation, in premature birth, and the infant may develop 
the disease after birth and either die or recover fom it. There is another 
evil effect that the failure of the filter may have on the mfant, viz., the 
production of malformations, deformities and monstrosities. According 
to the same writer, there are three ways at least in which ante-natal morbid 
conditions may influence infantile life and health: — (1) thi production of 
abortions which may result from conditions such as Syphilis, Nephritis, 
Alcoholism, etc. The life lost, it is true, is that of an immature organism 
but one which, if ante-natal conditions had continued to be normal, would 
in a few months have been of precisely the same value as that of any full- 
time infant. In city populations it is stated that one pregnancy in 5 ends 
in abortion ; if this be true, it is at once evident that the prevention of all 
abortions would increase the birth-rate by 20 per cent. From a statistical 
point of view it may be true that abortions are not infantile deaths and 
therefore do not swell the mortality figures, but at the same time it is the 
loss of a potential infant. (2) Influence of premature births. Premature 
labour tends to increase the iiifantile death-rate. The infant has a better 
chance of surviving if it comes from a healthy mother and has been delivered 
at an earlier date, not because of disease, but in order to get it safely through 
contracted maternal canals. Premature infants born to diseased mothers 
are very difficult to save alive, e.g,, when the mother has Syphilis, or eclamp- 
tic seizures, or chronic Bright’s Disease or is an habitual inebriate, or has 
had placenta prsevia or accidental haemorrhage. The child may die owing 
to the transference to it from the mother of the germs of her disease, or 
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again the child may die by reason of its prematurity alone. (3) Influence 
of foetal disease and deformities. Ante-natal morbid states of the infant 
tend to increase the infantile death-rate even when they do not cause 
either abortion or premature labour. The disease or deformity may pro- 
duce various results, e.g., the health of the foetus may have been so dis- 
turbed as to result in ante-natal death and the birth into the world of a 
dead foetus or it may make it impossible for the foetus to stand the strain 
of being bom, causing it, in other words, to be still-born. Again, the post- 
natal life of the infant may be very precarious as the result of deformities 
or disease, e.g., hare-lip and cleft palate, when combined, render feeding 
a difficult problem ; similarly congenital heart disease greatly increases 
the risk in the event of the development of Bronchitis or Pneumonia, 
Postal Ichthyosis may, after birth, cause pathological alterations in the 
infant’s internal organs which sooner or later result in death ; and lastly, 
any grave state of a mother in her pregnancy, as for instance, retal disease 
or Hyperemesis, may so interfere with the ante-natal nourishment of the 
infant in the uterus as to cause it to suffer from what is vaguely termed 
congenital debility. 

2. Influence of Parental Alcoholism. 

Over-indulgence in alcohol increases sterility, abortions, premature 
labour, dead births, and the birth of delicate children especially seen in 
chronic oases. Its influence is due rather to changes in the maternal 
kidneys and placenta than to any direct influence which the drug has upon 
the foetal tissues themselves. There is a sensibly higher death-rate among 
the infants of the mother whose inebriety was developed at an early period. 
In not a few of the eases in which a mother gave birth to a deformed child 
there was evidence of chronic alcoholism. 


Appended is a table showing the deaths of children under one year from 
immaturity per 1000 births, during the period 1921-1930 : — 


Cau&c. 

1021 

1922 

1923 

1924 

1925 

1926 

1027 

1028 

1929 

1930 

Congeni t a 1 Malforma tions 

3.0 

4.2 

4.1 

4.2 

4.6 

4.6 

4.S 

4.9 

5.2 

5.3 

ConRenltal delibillty 

and ScUToma 

7.4 

6.3 

5.7 

5.7 

5.8 

5,3 

4.2 

3.9 

3.9 

3.4 

Icterus 

0.7 

0.7 

0,7 

0.7 

0.6 

0.5 

0.6 

0.6 

0.6 

0.6 

Premature Birth 

19.3 

18.7 

17.6 

18.8 

17.6 

17.5 

18.5 

17.7 

18.6 

17.5 

Injury at birth . . 

1.4 

1.3 

1.4 

1.4 

1.5 

1.5 

1.8 

1.9 

2.1 

2.1 

Disease of umbilicus . . 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 

0.2 

Atelectasis 

1.0 

1.5 

1.5 

1.6 

1.5 

1.6 

1.6 

1.6 

1.6 

1.6 


As stated by Newman it is evident, if infants die within a few days or 
hours of birth, or, even if dying later, show unmistakable signs of having been 
unequal to the call of bare physical existence, that there must be something 
more than external conditions of food and management which is working 
to their hurt. The explanation is clearly to be found in ante-natal causes. 



Ratio of mortality among infants to 1,000 births registered in Bombay City. 
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from the more direct results of mothers neglecting their home duties after 
their infants are born, there is the effect, which cannot very readily be de- 
monstrated by figures, as regards the viability of children as yet unborn 
of mothers engaging in other than domestic work up to the time of their 
confinements. 

4. Influence op Illegitimacy on Infantile Mortality. 

The death-rate among illegitimate children is very niuch greater than is 
the case with legitimate, as will be seen from the following table extracted 
from the Registrar-General’s Report for 1931. 

Infantile Mortality in England and Wales 1931 — 
all causes. 


Age. 

England & Wales. 

Urban Countries. 

Rural Countries. 

Legiti- 

mate. 

lUegiti- 

mate. 

Legiti- 

mate. 

Illegiti- 

mate. 

Legiti- 

mate. 

Illegiti- 

mate. 

Unii(-T iweeks 

30.51 

54.80 

30.37 

55.18 

31.07 

53.33 

4 wwks to 3 months 

10.44 

19.87 

10.93 

21.02 

8.42 

15.51 

3 months to 6 months 

8.99 

16.66 

9.69 

19.23 

6.13 

10.73 

6 months to 9 months 

7.61 

10.68 

8.09 

11.69 

5.68 

6.99 

9 months to 12 months . . 

6.74 

8.72 

7.20 

9.59 

4.81 

5.45 

Total under one year 

64.29 

110.73 

66.28 

115.68 

50.11 

02.01 


In a subsequent note we find that the excess of illegitimate mortality 
is greatest from Diarrhoea and wasting diseases and least from the group 
of common infectious diseases; the first-named cause being that upon 
which neglect would probably have the most influence, and the last that 
upon which it would have the least. 

A frequent cause of infantile mortality is the ignorance of the mother 
in regard to the proper method of feeding and clothing a child. Apart 
from ignocvnce, there is the question of insanitary houses and surroundings 
and the difficulties of obtaining a pure milk-supply and retaining it in such 
a condition until consumed. Probably, largely due to these difficulties 
and to the inability of the mother to estimate, at their proper value, the 
plausible advertisements of some of the patent food vendors, many such 
foods are now given to infants. To meet these conditions, it has been 
proposed, and in many places actually given effect to, to give a course of 
instruction in the elementary schools to girls in elementary hygiene, with 
special reference to the value of perfect cleanliness both of the person and 
of the surroundings, and in the dietary and clothing of infants ; also to 
establish pure milk depots so as to bring a supply of pure modified or steri- 
lised milk within the reach of mothers who, for one reason or another, 
are unable to suckle their infants. In regard to patent foods, it is suggested 
that legislation should be set in motion to compel all preparations offered 
for sale or sold as foods for infants to be certified by a Government Analyst 
as non*injurious and that each packet should contain a clear statement 
of the analysis of its contents. 
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5. Influence of Life Insurance on Infantile 
Mortality. 

Much has been said and written in reference to infantile insurance and 
there have been several Parliamentary inquiries into the subject. One of the 
earliest w'as that of the Select Committee of the House of Commons on the 
Friendly Societies Bill of 1854, when the Committee reported as follows : — 
“ Your committee draws this conclusion that the instances of child- 
‘ ‘ murder, where the motive of the criminal has been to obtain money 
“from a Bririal Society, are so few as to by no means impose upon 
Parliament any obligation, for the sake of public morality, to legis- 
“ late specially with the view to the prevention of that crime. No 
“ sufficient grounds exist for the general suspicion which seems to 
“ have been entertained on the subject and this suspicion appears 
“ to have been entirely founded upon the few cases brought to trial, 
“ exaggerated by the horror with which the idea of a crime so heinous 
would naturally be regarded.” 

Writing in 1894, the Chief Registrar of Friendly Societies of England 
and Wales says : “ upon considering the evidence adduced before all these 
Committees and the Friendly Societies Commissioners, I do not think it has 
materially altered the conclusion at which the Committee of 1854 arrived at.” 

By Clauses 62 — 67 of the Friendly Societies Act of 1896, all Industrial 
Assurance Companies and Friendly Societies are bound by certain regula- 
tions, where by the amount payable on the death of a child under 5 years 
of age is limited to £6 and, if under ten years, to £10. 

That the insurance of infantile life is open to abuse is evidenced by the 
great c.aution exercised by some of the leading companies, and the definite 
rules laid down, among which may be found the following : (1) No child 
is to be proposed for insurance until 14 days old. If death occurs within 
three months of the policy being effected, no amount is payable so that no 
money can be received until a child is 4 months old. (2) Illegitimate 
children are not to be accepted till three years old. (3) A Superintendent’s 
report is necessary in the ease of twins under one year of age. 

So notorious has the unsatisfactory business in certain iiortions of some 
towns been, that some companies refuse to entertain proposals from resi- 
dents in those quarters unless the Superintendent has seen the proposer 
and specially reported upon the situation. 

As these are merely departmental rules of certain companies, it is 
obvious that, in face of the great competition that exists, companies not in 
the first flight may by slack administration place grave temptations in the 
way of weak individuals. At the National Conference on Infantile Mortality, 
London, 1906, it was resolved that in the opinion of the Conference 
the question of the insurance of infant lives under 12 months is one requiring 
serious consideration and, with a view to securing reliable information, 
the Government should be asked to appoint a Department Committee of 
Inquiry upon the whole subject. 

Maternity and Infant Welfare. 

This is a very vital problem which has been engaging 
the serious attention of various public and philanthropic 
bodies and health authorities in India. The figures of 
maternal and infantile mortality throughout this country 
73 
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are very unsatisfactory. It is estimated that 22,000 babies 
are born everyday in India, and nearly 30 out of every 
100 of these die before they are a year old, whilst at least 
20 per cent, do not survive even the first four weeks of birth. 
This means that out of the 22,000 babies born daily, 6,600 
die whilst no fewer than 138,000 out of the infants 
born every month of the year do not survive. This indicates 
an appalling loss of infant life, much of which can be saved 
by appropriate measures. It is not necessary to go into the 
details of the causes of this high rate of mortality in this 
chapter. Suffice it to observe that poverty, ignorance, living 
in overcrowded and highly insanitary dwellings, venereal 
diseases, immaturity of mothers, absence of skilled and expert 
treatment during and after confinement owing to the employ- 
ment of untrained midwives or dais, faulty upbringing of 
infants owing to the absence from home of mothers who have 
to be at work from early morning to late at night, and the 
liard work that mothers are required to do during pregnancy 
almost up to the period of confinement are some of the 
most important factors which contribute to this sad state 
of affairs. 

In Bombay City the rate of infant mortality per 1,000 
births registered, has been as follows since the year 1926 ; — 

356.8 in 1925; 389.2 in 1926 ; 316.2 in 1927; 310.9 in 
1928; 298.3 in 1929; 296.3 in 1930; 272 in 1931; and 
218 in 1932. These figures show a welcome and decided 
decline in the toll of infant life, as compared with the figures 
recorded between the years 1900 to 1920, The activities 
of some of the public and philanthropic bodies which 
are engaged in Maternity and Infant Welfare have largely 
contributed to this satisfactory result, and below is a short 
description of their work : — 

The Bombay Municipality has engaged qualified Midwives 
to find out prospective mothers among the poor class popula- 
tion, to attend during confinements and visit the patients 
for ten days or so, and give advice on the care and feeding of 
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infants. They give relief to poor women during confinement 
in the shape of certain necessaries and comforts, such as 
milk, bread, bed, blanlcet, chaipoy, etc. Homely talks and 
advice on personal cleanliness, »and that of the home and 
its surroundings are also given. 

The Bombay Municipality has established 5 Maternity 
Homes in different parts of the City for the conduction of 
normal confinement cases. Ante and post-natal clinics have 
also been opened in these maternity homes, and classes for 
the instruction of midwives are also held therein. 

The work of the Bombay Municipality has been 
augmented by the “ Bombay Presidency Infant Welfare 
Society ” which has opened nine Welfare Centres in different 
parts of Bombay, and two Maternity Homes. The aims and 
objects of the Society are to afford protection to the mothers 
during the ante-natal, natal, and post-natal periods. 

By means of ante-natal clinics it is possible to prevent 
miscarriages, still-births, and deaths of infants in the very 
early periods of their existence. Sepsis, eclampsia, anaemia 
and other forms of illness during pregnancy, if treated in 
time, can be greatly alleviated by means of these clinics. 
In fact it is possible by proper ante-natal care, not only 
to reduce the deaths of unborn infants, and save the life of 
many infants who are apt to die within a week of birth, 
but also to improve and preserve the health of the mothers, 
to save them from prolonged and exhausting labour, and 
after confinement, to restore them to such a condition of 
health as will render them capable of performing the duties 
of motherhood in a fitting manner. Many expectant mothers 
are naturally not aware of the necessity of seeking timely 
advice from the doctors in charge of these Centres. According 
to Kenwood and Kerr an expectant mother should consult, 
a doctor at once under the following circumstances : — 

{a) If she has any loss of blood. 

(&) If she suffers from excessive sickness or headache. 



1156 


Sanitation in India. 


(e) If she has puffiness of face or swelling of the legs 
or private parts. 

(d) If she is not passing the usual quantity of urine. 

(e) If she has a discharge or sores of any kind. 

(/) If the bowels do not act daily. 

(ff) If she has varicose veins. 

(h) If her abdomen is unduly large. 

Protection to the mothers during the natal period is 
given, as mentioned above, by qualified midwives attending on 
labour cases in the homes of the poor, or advising expectant 
mothers to resort to maternity homes and hospitals. Owing 
to ignorance and poverty, the care of mothers during parturi- 
tion is very much neglected in this country. Confinement 
takes place in dark, insanitary and ill- ventilated rooms, 
and the services of a native dai who is ignorant of the rudiments 
of cleanliness, are still in requisition. As a result of the 
malpractices of these dais, deaths of infants from tetanus 
neonatorum, and of mothers from puerperal fever are not 
uncommon. 

The post-natal period is very important, because the 
health of both the mother and her infant depends upon 
the care and attention bestowed during this period. It 
has an important infiuence upon the capacity for future 
child-bearing. The mothers visit the clinics with their 
infants and are taught how to take care of themselves, and 
to bring up their children so as to tide the latter over the 
particularly dangerous first twelve months of life. The 
periodical weighing of infants at the Centres gives the best 
indication of their physical progress, and stimulates the 
mother to take greater interest in the welfare of their ofi- 
springs. As most of the ailments of infants are due to 
improper feeding, the mothers are instructed on the proper 
metliods of nursing babies. If for some reason or other 
a motlier is unable to nurse her baby, she is taught how to 
hand-feed the child by being instructed in regard to the 
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quality, quantity, mode of preparation of the food, and the 
condition of the feeding bottle. Early commencement of 
household or other work after delivery, and want of proper 
food and clothing, mostly produce ill-health of the mother. 

Under the conditions existing in large cities, many 
women of the poorer classes have to supplement their family 
income by seeking employment in factories and workshops. 
This necessitates their absence from their homes for many 
hours. For such women a cheap and well-administered 
creche, where their children could he looked after, is a great 
boon. 

A creche has been established by the Infant Welfare 
Society which is open from 7 a.m. to 6 p.m. daily except 
on mill-holidays. Children under five are brought there by 
their mothers while they go to work. There is a qualified 
nurse, and four ayahs to attend to the needs of the children. 
They are examined by one of the Lady Doctors, twice a 
week. A kindergarten teacher is employed to teach the 
children for two hours daily. They are bathed with hot 
water in the morning and are given clean clothes to wear, 
which are taken off when they go home. They are then 
given canjee, chapatty and butter in the morning *, rice, 
dhal, and vegetables at noon ; and cocoa and butter biscuits 
in the afternoon. The infants are fed on milk diet 
and those women who are working close to the creche, 
come and nurse their babies at regular intervals. In the 
afternoons, they go to sleep, and on waking up are given 
toys to play with. Thus they are very well looked after 
and made to observe clean habits. Twice every year they 
are given an outing to some selected places outside the City. 
Sun-light treatment does them good. One great blessing of 
a creche of this description is, that it serves to prevent the 
drugging of children with opium, which is unfortunately 
a common habit with mothers who do so in order to keep 
them quiet at home while they go to work. In order to 
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eradicate this evil habit of administering opium to infants 
and children, which is one of the causes of sending them to 
an early grave, the Society educates mothers on the ill effects 
of the drug by means of cinema shows and magic lantern 
lectures. Every large factory ought to have such a creche. 

An Anti-Venereal Clinic is conducted by the Infant 
Welfare Society once a week and is a very important preven- 
tive measure as many miscarriages, still-births, cases of 
opthalmia neonatorum, congenital syphilis and many other 
evils of venereal diseases are prevented by treating infected 
expectant mothers with appropriate anti- venereal remedies. 
Tins treatment also serves to reduce puerperal sepsis. 

The Committees of the National Baby and Health Week 
organise every year in the principal cities in India magic 
lantern lectures, demonstrations, cinema shows relating to 
maternity and child welfare work. 

The untrained midwife or dai being one of the most 
important factors contributing to the high rate of infant 
mortality, lectures w'ere organised by the Bombay Sanitary 
Association to instruct them how to deal with normal cases 
of pregnancy. 

The Lady Wilson Village Maternity Association has 
been formed for providing facilities for training centres to 
teach the elements of midwifery to native dais in the Bombay 
Presidency. It does not pretend to train the dai in mid- 
wifery in all its details. The sole object aimed at is to 
improve the existing methods employed by the village dais 
in labour cases. For tliis purpose arrangements are made 
to bring these dais to a large Centre for about a fortnight or 
so, and give them there opportunities to see about a dozen 
confinement cases in an up-to-date bospital. The main 
ideas impressed on their minds are, the necessity of thoroughly 
washing their hands before attending on a confinement case, 
boiling their scissors before using them, and above all learning 
the secret of non-interference and avoiding what is known 
as “ meddlesome midwifery ”, and allowing nature to do 
her own work in her own time. They are also taught how 
to perform artificial respiration in an asphyxiated newly born 
infant. Finally they are given a lecture in w’^bich all the 
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mam points of the course are simply and intelligently re- 
capitulated, and illustrated by means of diagrams. After 
this course is completed, each dai is given a certificate and 
supplied with a simple outfit consisting of an aluminium 
pot with cover which serves as a receptacle to keep the set 
in, and also as a vessel in which the scissors can be sterilized, 
roll of umbilical tape, a pair of detachable scissors, and a 
soap box with a cake of antiseptic soap. 

The practice of midwifery by nurses, midwives, and 
dais requires to be controlled and supervised in the interests 
of the mother and the child. The Government of Bombay, 
therefore, intend passing a “ Kurses’ Eegistration Act ” 
with the object of maintaining an official Eegister of Nurses, 
Midwives and Dais and having disciplinary powers over the 
persons so registered. 

Eegistration of births has long been regarded by Medical 
Ofiicers in England as opening up great possibilities of 
hygienic work in the interest of the mother and infant. 
Notification has been, therefore, made compulsory and the 
Medical Officer of Health must be notified within thirty-six 
hours of every birth, after the twenty-eighth week of pregnancy 
whether the child is alive or dead. In Bombay, births have 
to be notified to the Executive Health Officer within seven 
days after their occurrence. 

The employment of mothers in industrial occupations 
shortly before and after the birth also afiects infantile mor- 
tality. A Maternity Benefit Act passed in 1929 for the 
Bombay Presidency gives adequate rest to the mother before 
and after confinement, as she is entitled to three months’ 
leave in all, of which the period after confinement must not 
exceed 42 days. 

Zymotic Death-rates. 

The term ‘ zymotic ’ is applied to the seven principal 
infectious diseases viz.. Small-pox, Measles, Scarlet Fever, 
Diphtheria, ' Pertussis, Diarrhoea, and Fever (which term 
includes Typhoid, Typhus and simple continued Fever). 

There are various methods of calculating the rate, e.g., 
(1) As a proportion of deaths to persons attacked; this 
method is useful in determining the virulence of an outbreak 
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and also in deducing the effects of treatment but it is open 
to objection for purposes of comparison as the two groups 
compared may have a different age and sex distribution, 
and zymotic diseases are known to vary in fatality according 
to age and sex. (2) The rate may be stated as a proportion 
to the deaths from all causes. (3) The deaths from each 
particular zymotic disease may be stated as a proportion 
per 1,000 of the population ; or, (4) the deaths from each 
particular disease at a given age-period may be stated as a 
proportion per 1,000 of the population living at that 
particular age-period. The third method is that, adopted 
by the Registrar-General and thus, like the birth and death- 
rates, the zymotic rate is calculated on the estimated 
population of the district, e.g., Population 20,000, deaths 40, 


then the rate 


40 X 1,000 
20,000 


Mortality per 1,000 living from certain Epidemic Di.sea.sea : — 


— -- 



Epidomic diseases. j 

1 Coimtrifis. 


Ynars. | 

Measles. 

Scarlet 

Fever. 

Di])hthe- 

ria. 

Enteric 

Fever. 

Whoop. 

ins 

Cough. 

I England and Wale. 

f 

Ht27 

O-lil) 

0-013 

0-070. 

0-008 

0-094 


1!)28 

(I'll 

0-015 

(1-081 

0-009 

0-075 

1 

1 


(1-(I8 

0-0 1« 

0- 087 

0- 008 

0-100 

; Austria .. ..r,^ 

1!I27 

o-or, 

(1-02 

0-07 

0- 03 

o-,io 

1 

0-04 

0-01 

0-07 

0-03 

0-07 

1 Germany . . . . 

1SI27 

d-(l« 

0-02 

0-04 

0-02 

0-07 

11128 

0-04 

0-03 

0- 05 

0-02 

0-06 

1 Francp. , . 

11)27 

O-Of,' 

0-014 

0-050 

0- 048 

0-041 

1928 

fi-or, 

0-012 

0-0.5.S 

0- 05,-. 

()■ 055 

j IiolHiiini , . . . .| 

1927 


0-013 

0-032 

0* OliS 

O-lOl) 

1 928 

()-081 

0-014 

0- 037 

0-028 

0-107 

' Dt-nniurk 

1 

1927 

d- 08 

0-0(Kl 

0-05 

0-008 

0-09 


1928 

O-OH 

0- 006 

0- 06 

0- 006 

0-08 


1 

1929 

O-OJ 

0-004 

0- 03 

o-oor 

0-04 

Norway 

f 

1 ‘.)2t> 

i 0 003 

0-001 

0-02f> ■ 

' 0-009 

■' 0- 047 1 


1927 

1 0-019 

0-004 

0- 020 

0-015 

0- 050 ! 



i 

1 928 

; 0-020 

0-009 

0-015 

1 0-006 

0- 055 



'1927' 

1 O-OIT. 

o-dds 

0-039 

i ()-{il!) 

0- 050 

Switzi-rJaiid . . 


1928 

1 0-05.8 

0-009 

0-052 

1 0-014 

0- 053 1 


1929 

; 0-012 

0-009 

0- 050 

1 o-on 

0- 025 ; 



19:il) 

1 0-009 

0-0U.S 

0-0.55 

! 0-007 

0-032 i 

.Australia 

1 

1927 

i o-o-z 

0-03 1 

0-06 

, 0- 03 

0- 06 i 

.. J 

1928 

1 0-03 

0-02 1 

0-07 

0-03 

0-04 1 


1 

1!I29 

' 0-02 

0-02 

0-07 

1 0-02 

0- 05 , 

; Nm Zealand . . .../ 

■ f928 

i 0-009 

0-040 

0-052 

' 0-012 

0-019 

1929 

! 0-001 

0-019 

1 0-065 

1 0-016 

0-012 1 

' .Iaj)aii I 

1927 

i o '- 22 

o-ot) 1 

1 0-06 

i 0-013 

0-15'- 

192S 

' 0-18 

0-00 

j 0-07 

1 0-014 

0- 18 1 
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In the decade 1881-1890 the zymotic rate in England 
and Wales was 2'34 per 1,000. Of later years it has shown 
a tendency to fall; in 1894 it was 1.76 per 1,000. At no 
time can the rate be taken as quite accurate, as deatlis due 
to protracted sequelae of acute infectious diseases are some- 
times credited to the secondary cause and not to the true 
primary one, e.^.. Bronchitis and Pneumonia may be given 
as the primary cause of death and the fact that they may 
have followed on Measles or Pertussis is not stated. 


It will be seen that, as far as England and Wales are 
concerned, there has been a fall in mortality from Measles, 
Scarlet Fever, Enteric and Pertussis since the period 1881- 
1885. The death-rate from Diphtheria has, however, re- 
mained more or less unaltered. 


The statistics for Bombay City are given in the following 
table. Rates per 1,000 : — 


Year. 

1895. 

1905. 

1915. 

1925. 

1928. 

1020. 

1930. 

1931. 

Diarrhoea 

1-44 

3 - 09 

0-59 

n-43 

*0-6 

*0- 7 

*o-s 

• 

*0- 8 

Small-pox 

0.32 

2-78 

0-30 

0-45 

0-4 

o-o 

1'3 

0-0 

Measles 

0-66 

0-70 

0-07 

()-12 

0-1 

o-o 

0-1 

0-0 j 

Plague 

mi. 

18- 29 

0-fil 

0-13 

0-2 

0-0 

0-0 

0-0 

Enteric 

0-04 

0-07 

0-11 

0-12 

0-1 

0-2 

0-2 

0-1 


♦ Includes Enteritis, 


Age and sex both appear to exert an influence on the mortality from 
zymotic diseases. Diarrhoea, Erysipelas and Small-pox have a maximum 
mortality in the first year of life, Measles in the second, Scarlet Eever in 
the third and Diptheria in the fourth. As regards sex, the mortality is 
greatest in females in Erysipelas, Diptheria and Pertussis. 
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Crude annual death-rates, England and Wales, from 
the principal Epidemic Diseases. Mortality per million 
living 


Year. 

Measles. 

Siuall- 

IlOX. 

Scarlet 

Ifever. 

Diph- 

theria. 

Per- 

tussis. 

Typhus 

. Typhoid 

Diar- 
■ rhoea. 

1901 .. 

276 

10 

133 

273 

313 

1 

155 

926 

1902 . . 

392 

75 

148 

236 

297 

2 

126 

429 

1903 . . 

274 

23 

125 

182 

285 

2 

100 

554 

1904 . . 

303 

15 

111 

170 

352 

1 

93 

879 

1905 . . 

324 

4 

112 

160 

255 

1 

89 

601 

im .. 

273 

1 

101 

177 

241 


92 

886 

nK»7 . . 

301 


02 

164 

293 

1 

67 

305 

nw8 . . 

226 


80 

158 

280 


75 

517 

ntoi) . . 

350 

1 

91 

148 

203 


60 

284 

1910 .. 

232 

1 

66 

120 

246 


63 

293 

1911 . . 

303 

1 

52 

135 

217 


67 

919 

1912 . . 

352 


55 

118 

230 


44 

142 

1913 . . 

291 


67 

121 

149 


41 

424 

1914 .. 

217 


77 

158 

218 


46 

369 

1916 . . 

402 


00 

105 

230 


35 

299 

1916 .. 

155 


39 

154 

176 


30 

199 

1917 .. 

398 


22 

132 

134 


28 

181 

1918 .. 

289 


29 

142 

296 


26 

163 

1919 .. 

90 

1 

33 

133 

71 


16 

122 

1 1920 . . 

191 

1 

88 

150 

117 1 


14 

118 

1921 . . 

39 


34 

126 

121 


16 

451 

|l922 .. 

1 

149 

1 

30 

107 

167 


12 

101 

Im3 .. 

13S 


20 

71 

108 


12 

218 

1 1924 . . 

125 


23 

65 

103 


13 

198 

1925 .. 

137 , 


25 

71 

156 


10 

214 

!i926 .. 

K9 


17 

77 

105 


9 

215 

1 1927 . . 

92 

i 1 

15 

70 

94 


9 

168 

m>8 

109 

1 

15 

81 

75 


11 

164 

1 1929 . . 

80 

1 

IS 

87 

160 


9 

178 

19:{0 . . 

105 

1 

10 

88 

51 


7 

138 

1931 . . 

62 


14 

67 

63 


5 

131 
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The Phthisis Death-rate. 

A higli PlitMsis death-rate in a city or a division thereof 
may be due to defective conditions of housing or of -work- 
shops in which the people are employed. These defects may 
take the form of dampness of sites, bad construction and 
drainage, bad lighting and ventilation, or overcrowding. 
Again, certain trades by the very nature of the processes 
carried out predispose the operative to this disease. In 
addition poverty, drunkenness and ignorance largely assist 
in maintaining a high death-rate in a district already affected 
so also do certain customs, e.g., the observance of strict 
purdah in the case of Mahomedan women must be held to be 
at least partly responsible for the very high death-rate from 
Phthisis in such. The influence of milk drawn from cows 
suffering from tubercular disease of the udder must not be 
overlooked, and there is now a considerable tendency towards 
the belief that many cases of adult Tuberculosis are but a 
recrudescence of tubercle acquired in early childhood from 
infected milk. 


The following table gives the mortality per 1,000 living 
from Pulmonary Tuberculosis, in 14 principal to-wns in India, 
for the year 1929 


Town. 

Death-rate 

from 

Tuber- 

culosis. 

Town. 

Death-rate 

from 

Tuber- 

culosis, 

Belgaum 

3.51 

Surat . . 

2.69 

Poona . . 

3.45 

Calcutta 

2.4 

Ahmedabad . . 

3,44 

Rangoon 

2.33 

Darjeeling 

3.00 

Howra 

1.30 

Lucknow 

2.96 

Bombay City 

1.26 

Karachi 

2.86 

Nainital 

1.19 

Agra . . 

2.82 

Dacca . . 

0.8 


In Bombay City the mortality is as under for the years 
1901-1932 


1900— 9.07 

1901— 8.39 

1902— 5.09 

1903— 3.66 

1904— 3.82 


1905— 3.29 

1906— 3.64 

1907— 2.94 

1908— 2.44 

1909— 2.46 


1910— 2.23 

1911— 2.12 

1912— 2.22 

1913— 1.86 

1914— 1.55 


1915— 1,44 

1916— 1.42 

1917— 1.47 

1918— 1.62 

1919— 1.85 


1920— 1.66 

1921— 1.37 

1922— 1.22 

1923— 1.12 
1024—1.26 

1925— 1.11 

1926— 1 .37 


1927— 1.3 

1928— 1.3 

1929— 1.2 

1930— 1.1 

1931— 1.3 

1932— 1,2 
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The death-rate per 1,000 for all ages in England and Wales 
has declined and this decline is greater at nearly all ages in 
females than in males (except between 5-16). 

The age of maximum mortality has been postponed in 
both sexes, due both to (a) a saving of life at ages most liable 
formerly and (6) a postponement of death in those attacked. 

Classification of Statistical Data. 

Data obtained by the various methods described are 
grouped or classified under various headings. For example 
so far as the duties of the Medical Officer of Health are con- 
cerned, the births are classified according to sex, and the 
deaths according to sex, age and diseases. In large urban 
districts the system of classification usually adopted is that 
of the Registrar-General, but for small urban or rural districts 
the limited tabular returns required by the Local Government 
Board will be sufficient. In either case, however, printed 
forms should bo used for classification and arranged to contain 
all the data for weeks, months or quarters. 

In classifying data of any kind, it is essential that the 
individual units should have precise and definite characters, 
so that every unit in a group should be strictly included in 
that group. Then again, the dividing character of every 
group should be so distinct and clearly defined as to afiord 
no room for doubt under which group of heading every unit 
should be classified. Care should also be taken that no unit 
should be classified so as to apear in two allied groups at the 
same time. Thus, we shall suppose that a death has been 
returned as due to Phthisis as the primary and Diarrhoea as 
the .secondary cause ; it would obviously vitiate the results 
if the single case were classified under the heading of 
Diarrhoea, and also under that of Phthisis. 

It is most important that this rule should be strictly 
observ(;d. Now, in practice, certain difficulties arise when two 
disease.s are entered on the death certificate, and in neither 
case is the duration of the disease mentioned. Doubt natu- 
rally arises as to the disease to which death is to be attributed 
for statistical purposes. To meet this difficulty, certain gene- 
ral rules have been drafted so as to secure uniformity of data. 


General Bules. 
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General Rules. 

(1) Constitutional Diseases come before any other except Zymotic, 

so that Phthisis comes before any Respiratory Disease in 
■whatever order they may be in the certificate. 

(2) Circulatory Diseases take precedence of Urinary, 

e.g.. Heart Disease, \ -rr j. 

Nephritis, J classify as Heart Disease, 

(3) Urinary Diseases take precedence of Respiratory, 

e.g.. Bronchitis, \ -.t i, 

Nephritis, / classify as Nephritis. 

(4) Influenza. 

If any disease of longer duration be given, then classify as that, e.g . — 
Influenza 2 days, Pneumonia 8, = Pneumonia. 

But Influenza 6 days, Pneumonia 2, = Influenza. 

If no duration is given, then classify under the first-named. 

(5) It is very desirable that medical practitioners should use in their 

certificates of death only those terms which are recognised by 
the Royal College of Physicians, London. The cause of 
death should be stated precisely and briefly, English names for 
diseases being used in preference to their equivalents in other 
languages. 

(6) Vague terms, such as decline, consumption, tabes, cachexia, etc., 

should be avoided, and hiemorrhage should not be signed as 
a cause of death without an indication of its origin and probable 
cause. So also Dropsy should not be given without particulars 
as to probable origin, e.g., in some disease or other of the heart, 
liver or Iddneys. 

(7) In certifying death from Small-pox, the patient’s condition, with 

respect to vaccination should be most carefully stated, e.g., (1) 
no evidence of any vaccination ; or (2) vaccinated in infancy, 
only stating the number and size of scars combined ; or (3) 
vaccinated only after exposure to small-pox the incubation 
period of which is nearly always twelve days ; (4) stated to 
have been vaccinated but no scars visible. 

Always state the size of the scars when combined in terms of fractions 
a square inch. 

Various Examples. 

Icterus Neonatorum, classify as Liver Disease. 

Bronchitis, Apoplexy, classify as Apoplexy. 

Heart Disease, Child-birth, classify as Heart Disease. 

Phthisis, Child-birth, classify as Phthisis. 


1166 


Sanitation in India, 


Pregnancj’, Uraemia, classify as Uraemia. 

Pregnancy, Pneumonia, classify as Pneumonia. 

Oliild-birth, Pneumonia, classify as Pneumonia. 

Abortion, Sepsis, classify as Puerperal Sepsis, 

Abortion, Haemorrhage, classify as Abortion. 

Paralysis, classify as Hemiplegia. 

Chronic Bronchitis, Acute Pneumonia, classify as Bronchitis. 

Spinal Diseases, classify as Diseases of Organs of Locomotion. 

Tabes Mesenteriea, Pneumonia, classify as Tabes. 

Scarlet fever. Child-birth, classify as Scarlet fever. 

Pickets, Pneumonia, classify as Rickets. 

Enteric, Influenza, classify as Enteric. 

Emp%sema, Bronchitis, classify as Emphysema. 

Acute Eczema, Pneumonia { in an infant), classify as Eczema. 

Cardiac Asthma, classify as Heart Disease, 

Pneumonia, Laryngitis, ela.s.sify as Pneumonia. 

Morbus Cordis, Alcoholism, clas.sify as Alcoholism. 

Heart Disease, Asthma, classify as Heart Disease. 

Measlc.s, Diphtheria, then class under disease of longer duration. If 
no duration given, then first-named. 

Brights’s Disease, Apoplexy, classify as Brights’ disease. 

Diarrhoea, Pneumonia, classify as Pneumonia. 

Diarrhoea, Bronchitis, classify as Bronchitis. 

Statistical Evidence oe the Health of Communities. 

Estimates of tEe general EealtE of a community are usually 


based on a 

consideration of tEe following : — 

(^') 

General deatE-rate. 

iii) 

Zymotic deatE-rate. 

{in) 

Infantile deatE-rate. 

iiv) 

PEtEisis deatE-rate. 

{V) 

Mean age at deatE, 

{vi) 

Probable duration of life. 

{vii) 

Expectation of life. 


(0 1 he general deatJi-rate, especially if corrected for age and sex, is 
a fairly good criterion. It i$ liable to be misleading where the population 
IS small, and if not corrected for sex and age. Another source of error 
is the uncertainty of the population towards the end of an intercensal 
period; further, especially if the population is small, the death-rate is 
liable to great fluctuations by reason of the occurrence of epidemics which 
have no Icnown relation to sanitation. 
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(/;) The Zymotic death-rate is really a somewhat uncertain guide. 
A high death-rate from certain zirmotics, e.g.. Diphtheria^ Enteric, 
Typhus and Diarrhoea may imply a defective sanitary condition. Typhus 
almost certainly does, but on the other hand, some of these may be due to 
purely temporary causes arising outside the town altogether, e.g., infected 
milk and water or oysters or uncooked vegetables. Further, Small-pox, 
Measles, Whooping Cough and Scarlet Fever do not, as a rule, appear 
to be influenced by defective sanitary conditions. It must not also be 
overlooked that deaths due to protracted sequelae of acute specific diseases 
(zymotics) are frequently erroneously credited to secondary and not the 
true primary cause, e.g.. Bronchitis auid Pneumonia following on Whooping 
Cough auid Measles. 

The prevalence of Zymotic Diseases vauries according to the number of 
susceptible children in the population and this fact must also be taken 
into consideration. 

(m) The infantile mortality is by some regarded as a reliable test of 
the sanitation of a place, as migration does not affect the result much, but 
(it is often observed that) the infantile death-rate is high in towns with 
a low generad death-rate. The rate is influenced by so many factors, that 
it cannot be considered a very safe index. Whooping Cough, Measles, 
prematurity, ignorance and want of care on the part of the mother combin- 
ed with, in many instances, practically compulsory absence of the mother at 
work all day in the fields or factory, all influence the infantile mortality. 
So also does paurental alcoholism. Yet these causes cannot be said to 
directly reflect the insanitary condition of a town. On the other hand, 
epidemic Diarrhoea, which is a very fatal disease of infancy, does imply 
defective sanitation. 

In appraising the value of the infantile death-rate as a criterion, one 
must analyse the cause of the mortality. 

(lo) The Phthisis death-rate — K high dea h-rate from Phthisis is 
generally indicative of defective sanitation in dwelling houses, workshops, 
public buildings and places of public resort, combined with ignorance and 
poverty. These two latter play a much greater part than they have been 
credited with in the past. 

The influence of modem methods of travel in trains and tramcars on 
the spread of the disease must not be lost sight of. 

Meat and milk of infected animals also play a part. 

(y) The mean age at death is obtained by adding up the ages of all those 
who have died, and dividing by the number of deaths. As a criterion it 
is of little value, as it is influenced by the infantile mortality, which, if 
excessive, lowers the mean age at death, and it is also influenced by the 
age and sex distribution of the population. 

(yi) The 'probable duration of lifers the age at which exactly half of 
any given number of children will have died. It can only be obtained 
from a life table and is of no very great value. 
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(yfi) The expeciatiun of life at any age is the average number of years 
which a person of that age may be expected to live. 

The expectation of life at birth is known as the mean duration of life, 
whereas the expectation of life at all other ages than birth is known also 
as the mean after lif entime. 

The expectation of life is obtained from a life table and is the true 
measure of the vitality of a community. 

7m // ic rtfeence 0 / a Zi/e to6Ze, we can calculate the expectation of life 
for any age between 25 and 75 by the formula of Willich. 

Let x= Expectation of life, a= Present age, then x= 3 (80-a) ; 

Or, by Farr’s method from the birth and death-rates— 

2,000 1,000 

Expectation of life at birth 

3D 3B 

Method of Death Registeation in Bombay City. 

Bombay City is divided into seven Wards (A to Gr) ; tlie 
seven Wards are divided into ten districts, Wards B, C and 
E having two district offices each on account of their size 
and density of population. Each district (I to X) has 
an office which is in charge of a District Registrar and is 
used for the record of births and deaths in the district, and 
also as a free public dispensary for the poor. 

Worlcing under each Registrar of Births and Deaths are 
two Sub-Registrars, qualified Hospital Assistants or Sub- 
Assistant Surgeons and a qualified midwife and under 
these Sub-Registrars are death registration ramoshis. 

The duties of these ramoshis are to exercise a vigilant 
outlook for all funeral parties passing through their division 
and, when encountered, to approach the leader and ascertain 
(iortain ])aiticulars which must be entered on the annexed form 
which is in triplicate. 

The form is printed in the vernaculars and in English. 

The information it conveys may be seen from the specimen 
copy. 


Death Registeation in Bombay City. 1169 ' 
No 

MEMO. OF DEATH. 

This is to certify that the information regarding the 

deceased herein named is correct. 

3Tf|. 

Name 

■ 

Sex 



Age 

^ 

Caste 

^ 

Date and hour of Death 

^ ^ _ — 

Place of Residence : — 

■ 


(a) House 
(st) 
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(b) Street 

(^) m — 

(c) Ward 

(^) ^ 


Dealli Registration RamosJii No Distt. No. 

toira'f ^ “ 


One copy is given to the relatives, one to the District Registrar and the 
third is retained by the raiaoshi. The District Registrar (or Sub-Registrar;, 
on receipt of this information, visits the deceased’s house and ascertains the 
history of illness from the relatives or from friends, or he may perhaps 
obtain a death certificate from a medical man, or, in the event of having 
received information of the death before disposal of the corpse has taken 
place, ho may be able to obtain a certificate from the medical man or may 
view the body. 

It must be particularly noted that the slip given by the ramoshi is 
in no way a death certificate ; it merely records certain statements as 
to age and more particularly the address which the ramoshi must verify. 

The verification of the alleged cause of death lie.? with the District 
Registrar, after consulting the relatives and interviewing the medical 
attendant. 

In regard to those bodies which reach the cemetery without a ramoshi’ s 
pass, the cemetery clerk, makes certain enquiries from the relatives and 
forwards the answers to the District Registrar early next morning. 

The District Registrar proceeds to the house as before and endeavours 
to ascertain the cause of death. 

In the event of the cemetery clerk being suspicious in regard to any 
bcjdy brought for diisposal, he is empowej'ed to refuse permission to 
<lispose of or remove the corpse until he has eoramunicated with the 
Police. 
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Eeport op Death m the City and Island op Bombay. 


Serial No 

Date of Death 

{ District 

Sub-District 

Ward No. of House 

Street or Wadi 

No. of house in Street or Wadi... 

{ Years 

Months 

Days 

If a stranger to Bombay fVillage 

or lately arrived, < Taluka 

where from (^District 

Name (and surname if any) 

Sex 


Eaoe, caste or nationality 

CYears 

I Months 

Age ..-^Days 

Still-born 

Occupation or profession of Deceased or Family 

{ District 

Street or Wadi 
No. of house 


Place of Birth W 


rVillage 

If out of Bombay Taluka 
I^District 


Country to which family belongs... 
Cause of death 


Duration of Disease 


fY, 

! M 


Months 


l^Hours 
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Name of the Medical Attendant. 


Residence of Medical Attendant. 
Place of Disposal of Dead, No. ■ 


'Buried 

Burnt 

Exposed 


Date of Information given : 
192 


^ Signature of Informant. 


District Registrar’s Register No. 


Registrar No: District. 

Registration of Births and Deaths. 

An accurate registration of births and deaths is as import- 
ant as an accurate estimation of the population collected 
at the census. Sanitary improvements depend very largely 
on the value of this information. 

In England, the Births and Deaths Registration Act of 
1874 requires every birth to be registered within 42 days of its 
occurrence and every death within 5 days thereof. 

NoTnn.cATio5T OP Bihths Act, England, 1907. 

(1) In the case of every child born after the 1st day of January 1908, 
it shall be the duty of the father o£ the child, if he is actually residing in 
the house ■where the birth takes place at the time of its occurrence, or in 
hia absence, of any person in attendance upon the mother at the time of 
the birth or within six hours thereafter, to send or give notice of the birth 
to the Medical Officer of the district in which the child is born within 48 
hours after such birth. 

(2) It shall be sufficient compliance with this section if notice be sent 
by prepaid letter or post card addressed to the Medical Officer. 

(3) It shall be the duty of all the rural and urban Sanitary Authorities 
to bring the provisions of this Act to the attention of all medical practi- 
tioners and mid wives, practising in their districts. 

(4) Any person who fails to give or send notice of a birth in accordance 
with this section shall be guilty of an offence and shall be liable on summary 
conviction to a penalty not exceeding 20 shillings. 
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(5) The notification required to be made under this Act shall be in 
«,ddition to and not in substitution for the requirements of any Act relating 
to the registration of births. 

(6) This section shall apply to still-born children as well as to children 
born alive. 

City op Bombay Act III op 1888 as Modified dp to 1920. 

Section 442. — For the purpose of registering births and deaths, the 
Commissioner shall divide the city into such and so many districts and 
■sub-districts as he shall from time to time think fit and a municipal 
officer shall be Registrar of births and deaths of each such district. 

443. (1) Every Registrar shall reside within the district of which he 

is Registrar and shall cause his name together with the words “ Registrar 
of births and deaths for the district of . . to be affixed in some cons- 

picuous place at or near the outer door of his place of abode ; and (2) a list 
■shoving the name and place of abode of every Registrar in the city shall 
be kept at the municipal office and shall be open at all reasonable times to 
public inspection free of charge. 

444. The Commissioner shall provide and supply to the Registrar a 
sufficient number of register books of births and of register books of deaths 
for the registration of the particulars specified in the Schedules N and 0 
respectively, and the pages of each .of the said books shall be numbered 
progressively from the beginning to the end thereof. 

Schedule N . — Particulars to be specified in the register of births are 
■serial number, date of birth, place of birth showing district, sub-distriot 
ward No. of house, street or wadi, No. of house in the street or wadi, names 
i(and surnames, if any,) of parents, their occupation or profession and place 
of birth and duration of residence in Bombay in years, months and days ; 
whether the mother is the only wife alive at the time of the birth or one 
■of two wives both being alive, or one of three or more wives, all of them 
being alive : whether the mother was married or unmarried, whether the 
child was born alive or still-bom, its sex, race, caste or nationality, and 
name (if any), the signature of the informant and the date of information 
■given. 

Schedule 0 . — Particulars to be specified in the register of deaths are 
■serial number, date of death, abode showing district, sub-district, ward No. 
of the house, street or wadi number of the house in the street or wadi ; 
duration of residence in Bombay in years, months and days, if a stranger 
to Bombay or lately arrived, where from, giving village, taluka, district; 
name and surname if any, sex, race, caste or nationality, age in years, 
months and days or still-born ; occupation or profession of deceased or of 
his or her family ,* place of birth, if in Bombay, giving district, street or 
■wadi and the number of the house ; if out of Bombay, the village, taluka 
■and district, country to Avhich family belongs, cause of deaths, duration 
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of disease in years, months, days and hours ; name and residence of the 
medical attendant ; place of disposal of the dead giving number of cemetery 
and whether buried, burnt or exposed. 

Section 445. ( 1 ) Each Registrar shall inform himself carefully of every 
birth and death, which shall happen in his district and of the particulars 
concerning the same required to be registered according to the forms in 
the said schedules and shall, as soon after such birth or death as conveniently 
may be, register the same in a book supplied for this purpose by the Com- 
missioner, without making any charge or demanding or receiving any fee 
or reward for so doing other than his remuneration as a municipal officer. 
(2) Other municipal officers, besides the Registrars, may be appointed 
with the duty of informing themselves of every birth or of every death 
in the district to whichthey are respectively appointed and of the particulars 
ooncoming the same required to be registered and of submitting such 
information to the Registrar of the said district or to such other person as 
the Commissioner directs. 

440. (1) It shall be the duty of the father and mother of every child 
born in the city and, in default of the father and mother, of the occupier 
of the premises in which to his knowledge the child is born and of each 
person present at the birth and of the person having charge of the child,, 
to give to the beat of liis knowledge and belief to the Registrar or other 
municipal officer appointed under section 445, within seven days after 
such birth, information of the particulars required to be registered concern- 
ing such birth ; (2) provided that in the case of an illegitimate child no person 
shall as father of such child be required to give information under this 
Act concerning the birth of such child and the Registrar shall not enter 
in the register the name of any person as father of such child, unless at 
the joint request of the mother and of the person acknowledging himself 
to be father of such child, and such person shall in such case sign the register 
together with the mother. 

447. In case any new horn child is found exposed, it shall be the duty 
of any person finding the same, and of any person in whose charge such 
child may be placed to give, to the best of his knowledge and belief, to the 
Registrar or other municipal officer aforesaid, within seven days after 
the finding of such child, such information of the particulars required to be 
registered concerning the birth of such child as the informant possesses.. 

448. (1) Eor every place for the disposal of the dead registered in the 
register kept under section 435, a municipal officer shall be appointed whose 
duty it shall be to receive information of the particulars required to be 
registered concerning the death of every person whose corpse is disposed 
of at such place ; and (2) if the Commissioner shall not think fit to require 
the municipal officer so appointed to be in constant attendance at any 
place for the disposal of the dead for which he is so appointed, there shall 
be affixed to a conspicuous part of the entrance to such place a notice, 
specifying the name of the officer so appointed for the said place and the- 
place where he may be found. 
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449. (1) It shall be the duty of the nearest relative of any person 

dying in the city present at the death, or in attendance during the last 
illness, of the deceased and, in default of such relatives, of each person 
present at the death, and of the occupier of the premises in which to his 
knowledge the death took place and, in default of the persons hereinbefore 
in this section mentioned, of each inmate of such premises, and 
of the undertaker or other person causing the corpse of the deceased person 
to be disposed of, to give, to the best of his knowledge and behef, to the 
officer appointed under the last preceding section, information of the parti- 
culars required to be registered concerning such death ; and (2) the said 
information shall be given at or about the time that the corpse of the 
deceased person is disposed of, and it shall be given in writing if the 
informant can write, and otherwise orally, and the informant shall make 
known to the officer aforesaid his name, designation and place of abode, 
and shall attest the correctness of the information which he gives, to the 
best of his knowledge and belief, by his signature or mark. 

460. ( 1 ) In the case of a person who has been atten de d in his last illnes.s 
by a duly qualified medical practitioner, that practitioner shall sign and 
forward to the Commissioner a certificate of the cause of such person’s death 
in the form of Schedule P, or in such other form as shall from time to time 
be prescribed by the Commissioner in tliis behalf, and the cause of death 
as stated in such certificate shall be entered in the register together with 
the name of the certifying medical practitioner. 

(2) The Commissioner ‘ shall provide printed forms of the said 
certificates and any duly qualified medical practitioner resident in the city 
shall be supplied, on application, wth such forms, free of charge. 

Schedule P. — Certificate of Cause of Death. 1 do hereby certify that I 

attended the deceased during his last illness and that the 

cause of his death was, to the best of my belief (here state 

particulars). Dated Signed Medical designation 

or Diploma 

461. (1) The information concerning deaths received by every officer 
appointed under section 448 shall be entered by him in a register-sheet 
which shall contain the particulars contained in Schedule 0, and shall be 
forwarded, at such intervals as shall be prescribed by the Commissioner, 
through the Registrar of the district to the municipal office ; and (2) from 
the said register-sheets and from the certificates furnished to him under 
section 450, the Commissioner shall cause the register book of deaths to 
be prepared and shall have prepared and published such tabular returns and 
statements as shall appear to him to be useful for sanitary or other purposes. 

462. (1) Any clerical error w^Mch may at any time be discovered in a 
register of births or in a register of deaths may be corrected by any person 
authorised by the Commissioner in that behalf. (2) Any error of fact 
or substance in any such register may be corrected by any person authorised 
as aforesaid by entry in the margin, without any alteration of the original 
entry upon production to the Commissioner, by the person requiring such 
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alteration or error to be corrected, of a declaration on oath setting forth 
the natui-e of the error and the true facts of the case, made before a 
Magistrate by two credible persons having knowledge of the case. 

In connection with, the registration of births, the chief 
lacts usually required are the sex, date and place of birth, 
the munber of children, legitimacy or otherwise, and the 
residence, nationality or caste of the parents. 

The following form illustrates the method in which a 
report of birth in the City and Island of Bombay has to be 
made : — 

Repoet of Birth in the City and Island of Bombay. 
Serial Number 


rDistrict 

Sub-District . 

Place of ■< Ward No. of House 

Birth. Street or Wadi 

[_No. of House in Street or Wadi. 


Parents 


"Names (and surnames, if any) 

Occupation or Profession 

Place of Birth 

Duration of residence in Bombay 


r Years .... 
^ Months 
I^Days ..... 


{ Only wife now alive 

One of two wives, both now alive 

One of three or more wives, all now alive. 

married 

Mother being 

unmarried 


'Bom alive 

Still born 

Sex 

Race, Caste or Nationality 
Name, if any 


Child 
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Remarks — 

Signature of Witness. Signature of Informant. 

Date of information given : 

Bombay, 19 

District Registrar’s Register No 

District Registrar’s Signature. 


Note. — In the case of the birth of a Hindu, the particular sub-division of caste 
sliould be given. Christians should be separated into those of pure European parentage; 
those of mixed blood, viz., Indo-Europeans ; and those of pure Asiatic parentage, viz. 
Indian-Christians. Hegro-Africans or Siddis should be registered as such, and not as 
Mussahnans. In the case of Europeans their religion should be spectfled. 

In Bombay City notification of births is compulsory but in order to 
afford every facility to the general public to record such occurrences, there 
are worldng under each District Registrar of Births and Deaths, Sub- 
Registrar and birth harhoons. Each Registrar’s district is equally 
divided, and it is the duty of these karkoons to make a house to house visita- 
tion in their district and ascertain if any births have occurred during the 
week, and any information so obtained is reported to the District Registrar 
who himself, or through his assistants, obtains the full details as required in 
the specimen form given above. 

Dr. C. A. Bentley in a paper read before tbe second All- 
India Sanitary Conference, Madras (1911), described tbe 
system of registration of vital occurrences in Eastern Bengal 
as follows ; tbe system is typical of wbat it is elsewbere except 
in Presidency towns wbere it is regulated by law : — 

“ As is customary in India, the village chowkidar is responsible for 
reporting vital occurrences in Eastern Bengal. The beat of each chowkidar 
includes from 75 to 100 houses or baris. There is a d-uffadar over every 30 
■chowicidars, and the President of the chowkidari tmions also exercises some 
control over them. 

“ The chowkidar s are supposed to visit every house in their beat at 
intervals ; once a week, or once a fortnight in the case of outlying districts, 
they attend the chowkidari parade at the ihana police station ; and they 
give in their reports of vital occurrences on this occasion. 

“ The pay received by chowkidars is so low that they are obliged to add 
to their income in other ways, and they usually hold and cultivate land. 
It is also not an uncommon occurrence to find a chowkidar whose own 
house is in a village some miles from his legitimate beat Under these 
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circumstances there is no certainty of the men visiting the difteient por- 
tions of their beats with any regularity ; and in many cases they appear 
to rely upon gaining their Imowledge of births and deaths by inquiry among 
the villagers who attend the weekly bazars. As it is an exception for a 
chowkidar to be literate, the entries in their hath^cMttas are usually made 
by the duffadar or panchayat or in some cases at the tliana police station 
itself. Many of the men too are comparatively aged and have impaired 
memories for recent events. Some chowMdars have been met with whO' 
were unable to remember if a birth or death occurred in their beat during 
the preceding week, fortnight or month. This being so, there is little chance 
of the returns of vital occvrcrenees being accurate. During the investigation, 
it was found that omissions on the part of the chowkidars to recoi’d_ births 
numbered about 6 per cent, of the whole, and about 4 per cent, of deaths 
were not recorded. These figures, however, give false impression, because 
at the beginning of the inquiry a much larger proportion of omissions 
was detected. But later on the chowkidars became much more careful 
in their reporting and many deaths and births which they had at first 
failed to note were subsequently recorded by them, sometimes a very 
long time after they had occurred. 

“ There are other grounds also for believing that ordinarily a much 
larger percentage of omissions occurs m the registration of the births and 
deaths. The more ignorant and superstitious among the villagers have a 
great dread of rtqtorting the occurrence of a birth, as they fear that their 
doing so may lead to the death of the child ; and they will often actually 
deny that a birth has occurred, especially when a death has recently taken 
place among the family. The analysis of the age-periods at which deaths 
occur shows that frequently almost as many deaths are recorded among 
children aged 1-5 years among infants. These facts sugge-st the possibility 
of many births and deaths of young infants going unreported. 

“ As regards the classification of the causes of death, the investigation 
shows that in the disti'ict examined the only returns of any value are tho.se 
relating to Cholera and 8raall-pox. The heading “ Fever,” as is well 
known, is ab,solulely mi.slcading and about as useful as that of “ all other 
causes”. But this is not entirely the fault of the village choxokidar. His 
own reports are frequently much more informing than those that eventually 
filter through to the authorities ; and with a little trouble might be made 
exceedingly valuable. There are commonly understood terms for many 
easily recognised diseases current among the villagers in every district ; 
and until driven into the routine method of reporting deaths as due to- 
“ Fever”, ” CJioIcra”, or “ , Small-pox”, the cJmvkidars make frequent use of 
them. Sudden deaths are often reported as thabra” or “ thapti mara,” 
literally “ a sudden blow ” ; Tetanus Resnatorium as pachoa paoa, literally 
attached by a ghost ; and Measles, Phthisis and Pneumonia are often indi- 
cated by special names, such as bappi^ koki, and bath sleshwar. But when 
the daroga or writer constable at the thana police station receives such 
reports, they usually go down in his register under the heading “ other’ 
causes ” merelv because such terms are not used in the schedule. 



Eegisteation in Eastern Bengal. 


1179 


“ Observations made during tbe course of investigation appear 
to show that it would be possible to improve the existing system of regis- 
tration without great difficulty. Under the existing system all vital occur- 
rences are pooled at the iJiana police station and the Civil Surgeon or other 
district officials cannot get detailed information without special inquiry ; 
even then, it is not an easy matter to get accurate figures for the various 
unions, and it is still more difficult to get figures for individual villages. 

“ But if a register were kept in which each union in a thana was given 
an initial A. B. C., etc., and each chowkidari beat in the union was assigned 
a number A-1, A-2, A-3, etc., and all the entries were recorded by beats 
and unions, it would be possible to immediately locate pecularities in the 
returns, especially high or excessively low mortalities. As the number of 
houses in each beat are known, it would be a very simple matter to gauge 
from this register the approximate mortality rate of every portion of a 
thana. 


“ By collecting for each district the current names in common use 
for a number of diseases, inserting them in the vernacular schedules, and 
giving special instructions that the chowkidars should be ordered to report 
aU deaths from these causes, it would be possible also to greatly increase 
the value of the present returns. It is possible, however, that a scheme 
for keeping special registers in each union, utilizing the services of the pan- 
chayats, village patwaris (where they exist) or village school -masters for the 
purpose might give good results. Village school-masters are particularly well 
placed for obtaining information regarding vital occurrences indepexidently 
of the reports of chowlddars, so that they could easily exercise a check upon 
the registration of vital occurrences ; and in connection with the attempt 
to teach elementary hygiene in the schools, it might be a useful measure 
to interest them in such matters. 

“ Finally, the importance of more careful registration of the total 
number of deaths occurring must be strongly emphassized. Each year sees 
an increasing demand for an extension of measures of sanitation but, in 
the absence of accurate recording of vital occurrences, there is a grave 
danger that, instead of finding improved sanitation I’esult in a diminished 
death-rate, we shall actually see an apparent increase of mortality taking 
place. In the case of Municipalities in Eastern Bengal, death registration 
is a mere farce. In Chittagong town, an investigation in 1911 showed 
that 35 per cent, of the deaths went unrecorded ; and in Uinaj'pur town 
in 1912, inquiry has shown that 40 per cent, of the deaths occurring during 
the first six months were not reported. In the face of the facts, it would 
appear that improved registration both for urban and rural communities 
is the most urgent of all sanitary reforms.” 


CHAPTER XVII. 


Routine Woek of the Sanitary Official. 

Ie the chapter on ‘ Administration ’ the duties of the 
sanitary official in a large city in India have been laid down 
in detail. 

The work of the sanitary officer, whether he be the Exe- 
cutive Health Officer of a large city, an Assistant or Deputy, 
or whether he fills the post of Sanitary or Conservancy 
Inspector, varies largely from that of a sanitary official 
in England. 

The Health Ofpicee in England and in India, 

In England the primary duties of the Medical Officer of 
Health are those concerned with the investigation and con- 
trol of the spread of infectious disease. His work is purely 
advisory, and in no sense is he an Executive Officer as in 
India. He has to systematically inspect his district and be 
prepared to advise his authority on any matter affecting 
the public health. In many districts of England and Scot- 
land, the Health* Officer and the Sanitary Inspector have 
distinct duties to perform and each reports separately to 
his authority or committee, but subject to the instructions 
of that authority, the Health Officer may superintend the 
work of that Sanitary Inspector. He has certain duties to 
perform -with regard to food and milk supply and offensive 
trades, and has from time to time to make reports on various 
matters which in his opinion may affect the public health, 
and the action taken by him or on his advice with regard 
to offensive trades, dairies, cow-sheds, milk-shops, factories 
and W'orkshops, &c., school medical inspection and Tuber- 
culosis. He must also compile and report on the vital statis- 
tics of his district. His sphere of work is, no doubt, wide. 
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but owing to tbe stringency of tbe by-laws, the pressure 
of public opinion and tbe desire on tbe part of tlie public of a. 
Western city to have tbeir surroundings in a sanitary con- 
dition, tbe work of a Healtb. Officer in tke West is more cut 
and dried, more defined and less liable to misconstruction 
and obstruction than that of bis confrere in tbe East. Modern 
developments in sanitary science in tbe West bave compel- 
led tbe Medical Officer of Healtb to become more and more 
a specialist and to search for scientific and interesting work ; 
but in India, while opportunities for special investigation and 
interesting work come daily to band, be has rarely time to 
specialise, as be must be intimately in touch with tbe whole 
organisation of bis department, which embraces multi- 
farious duties unheard of in English cities. 

Tbe duties of tbe Healtb Officer of a city in India with a 
large population, include tbe supervision of tbe conservancy 
and sanitary work and control of a large staff of subordi- 
nates and labourers, tbe registration of births and deaths, 
and tbe inquiry into tbe cause of every death, tbe responsible 
work of investigating tbe cause of diseases, inquiring into com- 
plaints from tbe public, and advising on plans of sanitary re- 
quirements of buildings. Tbe carrying out of tbe duties set 
forth require that such an officer should be a highly trained 
and well educated man with experience in public health 
administration, gained by previous responsible work in Eng- 
land and India, which will give him tbe confidence of tbe 
authorities and of tbe people ; tbe salary must therefore be 
sufficiently high to attract tbe class of men with the qualifi- 
cations above indicated. 

The conditions of climate, habits and customs and reli- 
gious susceptibilities of an enormous moving population, 
following different faiths, add to tbe difficulty of carrying, 
on tbe administration of bis Department. 

In England tbe Healtb Officer does not supervise tbe con- 
servancy work, has no labour to control, and is not the 
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Kegistrar of Birtlis and Deatlis, nor lias he the cause of death 
of every person to be inquired into by the Health Depart- 
ment, Shortly, then, the work of the Health Department 
ill Indian cities comprises the ordinary public health work of 
a Health Officer in England and in addition the whole of the 
conservancy work of the city and the control of the labour 
staff, the regulation of trades, and the registration of births 
and deaths and the inquiring into the cause of every death 
and all outbreaks of Plague, Cholera, Malaria, Small-pox, etc. 

It is advisable in the interests of Indian cities that the 
conservancy work should be done by the Health Department, 
as it is intimately connected with its sanitary administra- 
tion, and it is essential that a high standard of work should 
be aimed at : this can only be done by employing the right 
class of men to assist the Health Officer. 

A Health Officer must possess an extensive and accurate 
knowledge of all matters pertaining to public health, and he 
should take advantage of every opportunity for examining 
personally the practical details of all questions that arise. 
The knowledge thus gained by actual inspection and prac- 
tical experience, will serve him in good stead when dealing 
with problems that daily occur ; mere theoretical information 
gained from books is liable to lead him into difficulties. 

Nothing should be taken for granted, and second-hand 
information should rarely be reliq^ on. He will meet with 
questions requiring much tact and discretion. Private and 
public interest often clash. Pressure may be brought to 
bear on him by interested parties, and he may find himself 
in trouble unless he brings forward accurate information 
backed up by a straightforward and conscientious inten- 
tion to do the right thing. 

A great deal dei)ends on the personality of the Health 
Officer. • He must remember that he is dealing with those who 
consider they have, but do not really possess, that knowledge 
of teclmical subjects in which the Health Officer is an expert. 
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Disoretion and tact are attributes that come naturally, 
and are difficult to acquire if not natural. In bringing for- 
ward questions of great importance to public bealtb, be 
will often find bimself opposed by conflicting opinions, 
interests wbo will put obstruction and difficulties in his way ; 
he may be defeated temporarily, but he must not give in and 
while bending to an adverse decision he should wait for a 
favourable opportunity to bring forward his suggestions 
again and again. 

The Health Officer will have to meet in committee 
members of his council to consider questions relating to 
the public health of his district and he should be able to 
control his temper. Members of oouncil consider themselves 
to a certain extent privileged to make statements that they 
would not dare to utter in their private capacity as citizens. 
A sense of fairness and justice to an official as a rule, on the part 
of some of the members, will defend him against what may be 
uncalled for and unfair attacks. He will listen patiently to 
all argument and opinion, but he must have a firm guiding 
hand. 

Most men prefer to be led rather than driven and the 
Health Officer must gain the confidence of the public and 
his sanitary authority, without which he will not be success- 
ful. He must not be in too great a hurry to push forward 
improvements or innovations, however keen he may be to 
see good results. Things" “ hurry slowly” in the East, and 
municipal government in any country can never be accused 
of haste. 

A Health Officer must keep before him a high standard ; 
zeal in his work, careful consideration of his subject, remember- 
ing the conditions of life surrounding it in the East, will 
soon convince his authority that he can be relied on. 

In order, therefore, for a Health Officer to properly per- 
form his duties, he must have an intimate , acquaintance with 
all the statutes, acts and by-laws relating to his office ; 
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he should he thoroughly conversant with the principles of 
modern sewerage, drainage, disposal of sewage, water 
supply, ventilation of buildings and house construction and 
practically acquainted with the duties of the Inspector 
of Nuisances, and the methods of conservancy system. He 
should have a knowledge of trades, articles of trades and 
manufacturing processes that are likely to be controlled by 
the Corporation. He must be thoroughly acquainted with 
the etiology of diseases, with the appearance and symptoms 
of all infectious and tropical diseases, and must know, the 
principles of hospital construction and administration. He 
must have a knowledge of bacteriology and parasitology 
and chemistry, although he will not have time for much 
research work. He must have a knowledge of vital statistics 
and be able to compile statistics, and to deduce sound 
conclusions therefrom. He must have a knowledge of the 
methods of analyses of water, air and foods, although not 
always called upon to perform these analyses ; he should 
understand meteorology, climatology and kindred subjects. 

He must be a good organiser and administrator and have 
an enormous capacity for literary work and writing numerous 
reports, which will be- expected of him. In addition to these 
qualifications, he must be possessed of tact, discretion and 
good judgment, patience and perseverance, and must be 
courteous and impartial in all his actions. These latter 
attributes are especially necessary in dealing with the 
population of India. 

In his visits of inspection to houses, stables, factories, 
workshops, or premises, wherever his duty may call him, 
he must conduct himself with discretion and tact. Persua- 
sion and good address are valuable adjuncts to the sani- 
tary official ; he should by these means gain the confi.ndence 
of the publio, and although invested with important powers 
it is not always necessary to push them to the limits. Honesty, 
sobriety and straightforwardness, combined with good 
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temper and knowledge of kis work, will soon gain for Mm a 
reputation for reliability, without which he will be a failure . 
He will frequently meet with opposition and intrigues, temp- 
tation, false information and anon5anous attacks against his 
character. Accusations of bribery and corruption are oom- 
mon. These can only be oyeroome by having the confidence 
of his superior officers and the public, and their support. 

Conservancy Inspectors. 

In India the work of the Conservancy Inspector and Sani- 
tary Inspector may be combined or separate. In the case 
of the former official, his duties are chiefly to supervise labour 
staff, the cleansing of streets; privies, latrines and the remov- 
al of refuse. In India this is no light task, as on it depends 
the cleanly appearance of the city and to a very large extent 
the health of the people. It has aheady been pointed out 
that this work should be done by the Health Department as, 
if it is placed under the Engineering Department, the dual 
control is likely to lead to inefficiency and friction with a 
resulting effect on the health conditions of the city. 

In the chapter on the Administration of Public Health 
Acts, the subject of duties of officials has been gone into 
in detail. The way these duties are carried out must depend 
largely on local circumstances and surroundings and the 
financial aspect. The great and persistent object to be kept 
in view is supervision, systematic, strict and everlasting, with- 
out which no subordinate officials or labour staff can be 
kept up to their work. 

The Conservancy Inspector will have to face difficulties 
with his labour staff ; strikes, corruption, bribery and false 
information in connection with the food supply of the bul- 
locks, stores, coal, oil, etc., and complaints from the public. 
He must be a strong man mentally and physically, for he will 
have many difficulties to contend with. 
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Routine Work oe Sanitary Inspectors and the 
Working of the Sanitary Provisions of 

the City of Bombay Municipal Act. 

The actual methods of work of a Sanitary Inspector in 
■different places will difier in degree only, varying with the 
size and importance of the towns and the powers given him 
under the local Acts and the financial position of the Muni- 
cipalities. In England the duties of the Sanitary Inspector 
are rigidly laid down, and in the larger cities and presidency 
towns of India some such instructions and methods of work 
should he followed. In the City of Bombay the following is 
the procedure adopted. 

During the daily morning and afternoon rounds entry is 
efiected by the Sanitary Inspector into or upon a building or 
land, (under the powers delegated to him under section 488 
of the Act) and a regular inspection (under section 374) is 
made of premises to ascertain the sanitary condition thereof. 

Inspection of Premises. 

While inspecting the premises, first of aU an inspection 
of the surroundings and outside of the building for human 
habitation is made, and notes are taken on the following 
points 

(ffi) The width of the road and the surrounding open spaces. 

Any action, if necessary, is taken by the Engineering Depart- 
ment. 

(h) The height of the building. 

Any action, if necessarj', is taken by the Engineering Depart- 
ment. 

(c) The condition of the open spaces, gullies and sweepers’ passages. 

If the open space comprises vacant land in a filthy condition, 
action against its owner is taken under section 377 to clean 
it. If the gullies are found in a dirty condition, the Conser- 
vancy Inspector concerned is req.uested in writing to have 
them cleaned and flushed. 
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If the pavement of a gully is broken, action under section 
257 to have it repaired is taken by the Health Deioartment, 
and if heavy repairs are needed or a gully is kiitcha and requires 
remodelling, the Drainage Department is requested by letter 
to have i^roper repairs executed, pavement made, or the 
gully remodelled. 

When a house-drain is found choked, the attention of the 
House-Drain Inspector is at once drawn either by telephone 
or in writing to relieve the choke, and he in his turn, if he 
finds that the choke in the house-drain is due to a choke in 
the street connection, at once requests the Drainage Depart- 
, ment to relieve the choke in the street connection. 

(d) Whether there is any ditch, pool of water, quarry-hole, tank, 

well or low land in which the storm or waste water stagnates, 
action under section 381 is taken by the Health Department 
to fill up such ditches, tanks, pools, etc. 

(e) The condition of the sanitary fittings fixed on the outside of the 

external walls. If the sanitary fittings are found, on inspection 
under section 253 and 256, to be out of order or broken, action 
under section 257 is taken by the Health Department to repair, 
renew or lengthen such waste-water or discharge pipes, cistern- 
heads or, cleaning gaps, etc. 

If any of the waste-water pipes or a gully trap on any premises 
is found choked by the Sanitary Inspector, the Conservancy 
Inspector concerned is requested by telephone or in writing 
to get such waste-water pipes cleaned and choke removed 
from the gully traps, provided the choke is accessible 
by means of an ordinary ladder, otherwise action is 
taken under section 257. 

(/) Tlie plinth of the house. 

{g) The condition of the flooring, size and partition walls of the room 
and the materials of which they are made, 

■{7i) The means of light and ventilation of rooms. 

(i) Internal open space or chowks. 

(j) The area of each room and the number of inmates thereof. 

If the plinth is found low, i.e., less than two feet above the 
level of the road, the flooring is made of earth or is damp 
and not paved with stone slabs or impervious materials, 
if the walls are of split bamboos plasterd over with mud 
and dung, or of wooden planks or are damp ; if' the roof 
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is low and of inflammable matcrialH, the rooms dark and 
ill- ventilated orriiig to the means of light and ventilation 
] icing insuflicient, or defective : if the floor area of the room is 
less than 100 square feet and the cubic capacity less than 1 ,000 
cubic feet, such a house is considered insanitary and unfit for 
human habitation, and is reported to the Standing Committee 
with a request under section 378 to declare the house unfit for 
human habitation, and in the event of its being found over- 
crowded, action under section 379 A is taken by the Health 
Department. 

{k) The soundness or stability or otherwise of the building. If the 
house is observed to be in a dilapidated or ruinous condition, it 
is at once reported to the Engineering Department for necessary 
action under section 35i of the Act. Houses which are 
abandoned or tmoccuined are similarly reported to the Engineer- 
ing Department for action under section 376. 

{1) Water supply from a well or from a Municipal main ; the position 
of the tap and the pipes. If the position of the water tap is 
foujid near the privy or other objectionable place, or the tap is 
found out of order, or the service pipe is laid in the open 
channel drain or in contact with sewage, or any direct water 
connfictiou is found with the flush tanks in the water-closets or 
inside the privies, the Water Department is recpiested by letter 
to take necessary action under section 273-A of the Act for its 
removal from the objectionable position. 

(«t) Whether or not there is a well inside the house. Sample of well 
water is sent for analysis. If the well is found foul, or requires 
to be cleaned, action mrder section 381 is taken by the Health 
Department or, if the well requires to he closed or covered, a 
reference is made to the Malaria Branch of the Health 
Department to take action under the same section. 

(h) The situation of bathrooms or nahanis and their drainage 
arrangements. 

If the bathrooms or nahanis are found not properly drained 
or trapi>ed, a letter is written to the Drainage Department 
to take ncccssarj’’ action in the matter. If they are found 
insufficient, action under section 248 (1) is taken by the 
Health Department. 

(o) Kanitary conveniences. Wdiether the house, is served with a 
basket privy or a privy on the intermediate water carriage 
system, or a water-closet on the full flushing system. Number 
of seats, their condition, sufficiency or otherwise, whether 
jiropeiiy detached or not, whether dark or ill-veulilated and 
whether properly drained and trapped. 
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If on inspection (under sections, 253 and 256) a privy or a 
water-closet is found in a dilapidated and broken condition, 
the seats being broken and the beds of the traps below the 
surface level of the drain, or the drainage is defective or is 
not in good order or condition, action is taken, under section 
257, by the Health Department. 


If it is dark and not well ventilated, action under the same 
section is taken by the Health Department to ventilate 
the same. If the beds and seats are broken and if there is no 
proper receptacle in the trap of a privy on basket system, 
action is taken under the same section of the Act for the 
necessary repairs and the provision of a receptacle. If 
in case of a water-closet on the full flushing system, the 
aijparatus and appliances require repairs and to be put in 
working order, action is taken under section 257 by the Health 
Department ; if the privy accommodation is found insufficient, 
i.e., if it be not in the required proportion of one seat to a set of 
every five rooms — action for such additional number of seats 
required is taken under section 248 (1) («). If structural 
or other alterations in the existing water-closet, privy or urinal 
accommodation are found necessary, action under clause (6) of 
the same section is taken. If a privy on basket system 
is found on sanitary grounds objectionable, action for 
converting it into a water-closet is taken under clause 
(c) of the same section of the Act. If a privy on basket 
system is found not properlj' detached as per section 250 (1) (a) 
'and it is attached to the main building, action under section 
249-A {h) is taken to detach it, or to close it up to j)rovide in lieu 
thereof a water-closet on the full flushing system under 
clause (a) of the same section. If a privy on basket system 
is found exposed to the view of persons living in the neigh- 
bourhood or passers by, action is taken under section 250 
(6) of the Act. If any action as regards detachment, venti- 
lation, flushing apparatus and other appliances in respect 
of a water-closet is found necessary, action is taken under 
section 251 to remove the defects. If a privy or water- 
closet is found to have been built directly over or directly 
under any room or part of a building other than another 
privy or water-closet or a bathroom or a terrace, action under 
•section 251-A («) is taken to close the privy or water-closet 
or under section 378 to render the living room unfit for human 
habitation. No new privy or water-closet is allowed under 
section 251-A (6) of the Act within a distance of 20 feet from 
any well, spring, tank or stream lial)le to pollution, and if any 
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such privy or water-closet is found, action under section 381 is 
taken by the Health Department to fill up such well, tank, etc. 
Action is also taken under section .372 (/), where the water- 
closet pans or receptacles are found to be in such a state for 
want of flushing as to he offensive or injurious to health. 

(p) Whether any animals such as goats, cows, bullocks, etc., are kept 
inside the house. If any are found in a house, action is taken 
against the owner or owners of such animals under section 
384(6) of the Act by the Health Department or under 
section 384-A. 

{q) Any case of sickness or birth noted. If any case is met with, 
it is at once brought to the notice of the District Registrar 
concerned. 

(r) If houses, privies, water-closets, etc., are found in a dirty condition 

and walls smoke-begrimed, or any case of or death from an 
infectious disease occurs in a house, action under section 
375 for the lime-washing of such buildings is taken by the 
Health Department. 

(s) Action under section 377 is taken by the Health Department 

against the owner of open laud overgrown with rank' and 
noisome vegetation or on which refuse or cutchra is found. 
Persons caught while throwing outchra, etc., on public roads 
are pi'o.secuted by the Health Department under section 
372 (e). 

If a dhobi ghat, or a i)lace for washing clothes by washermen in the 
exercise of their calling, is found to be established without the sanction of 
the Municipal Commissioner, or without carrying out the requirements 
demanded by the Health Department, action under section 307 (1) of the 
Act is taken by the Health Department. 


Any animals found tethered in a street or a public road are handed 
over as stray animals, under section 316 of the Municipal Act, to the 
nearest Policeman, who removes them to the cattle-pond. 

For want of proper and suitable housing accommodation for the poor 
and low class people, such as IVagrees, Mahars, Kathiawadees, etc., 
a number of them have to accommodate themselves in huts and sheds 
built of inflammable materials on any available piece of open land in any 
street. These structures are all insanitary and unfit for human habitation. 
Action under section 380 of the Act to remove these huts and sheds is 
taken. 
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The License Department, taking action under section 394 (c) of the 
Act, at the instance of the Health Department, indirectly compels the 
owner to remove the sheds that are erected on open land for stabling 
bullocks, horses or buffaloes, if tliese sheds have not been licensed for the 
purpose. 


Milch Cattle,* Horse and Bullock Stables. 

Any person wiio intends to build any of these stables has 
to make a written application to the Health Department. 
Suoh application is to be aooompanied by a block plan in 
duplicate, showing the site of the proposed stable and its 
surroundings, the drainage arrangements proposed, and other 
necessary details. In reporting upon the application, the 
Sanitary Inspector notes on the following three points, as in 
the case of applications for the establishment of factories, 
etc,, viz., (1) the suitability of the site proposed ; (2) whether 
the locality is open or thickly populated, and whether or not it 
will prove a nuisance ; (3) the distance from the public road 
and from the nearest dwelling house. If the site is approved 
and the proposals made are found in accordance with the 
by-laws, as regards open spaces around the shades, length, 
width and height of the sheds, pavement of the surface, 
drainage arrangements, washing place for animals, dung 
receptacle, place for storing hay and the feed of animals, 
quarters and privy accommodation for gowlis, syces, cart- 
drivers, etc., the Health Officer (or his Assistant), after visit- 
ing the place, recommends the granting of the application, on 
condition that the requirements suggested by the Health 
Department are carried out. 

Licensed and unlicensed mUch-cattle, horse and huUock 
stables.— li, on inspection of the licensed stables, any of them 
is found overcrowded, or any repairs to the flooring of the 
stalls, or to the washing place or dung receptacle or 
pavement are found necessary, action is undertaken under 


* Thci Bombay Jtumoipal C'ori)Oratiou liavo laid down in thcA llusolution K0.41S5 
of 29th April 1925 that no now niihdi cattle stables will be. permitted in future 
ill Bombay. 
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section 394, for infringement of the license conditions. If a 
stable is found in a dirty condition for want of regular removal 
of dung or stable refuse, action under section 372 (/) is taken 
by the Health Department against the owner or the licensee, 
as the case may be. 

Bake-houses and Aerated Water Factories. 

Bake-houses are licensed, under section 394, on their 
complying with the requirements demanded by the Health 
Department. If a bake-house is conducted without carrying 
out the Health Department requirements, the License Depart- 
ment is requested to take the necessary action ; the same is 
done in respect of aerated water factories. For the lime- 
washing of bake-houses, aerated water factories, public eating- 
houses, theatres, etc., action is taken by the Health Depart- 
ment under section 375 of the Act. 

Eating-houses, Tea and Coffee Shops, etc. 

Eating-houses, tea and coffee shops are under the control 
of the Municipality and are licensed under section 394, 

Action in respect of a milk-shop is taken by the Health 
Department, Samples of milk are regularly sent for analysis 
and the milk-sellers are advised as to the necessity of keeping 
milk cans and other vessels in a clean condition, and not to 
expose the milk but keep it in a can having a proper air- 
tight cover. Milk shops are licensed under section 412A. 

Action under sections 414 and 416 is taken by Sanitary 
Inspectors in destroying meat, fish, vegetable or other 
article of a perishable nature, which may be found diseased, 
unsound or unwholesome for human food or for medicine as 
the case may be. 

Samples of articles of food, such as flour, oil, tea, coffee, 
aerated waters, butter, vinegar, alcoholic beverages, drugs, 
soaps, etc., are purchased and sent to the Municipal Analyst 
for analysis. 
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Prosecution under the Prevention of i^idulteration Aot of 
1925 is undertaken by the Health Department when a sample 
of butter or ghee analysed is found adulterated. 

Public Latrines and Urinals. 

An inspection is regularly made and action taken to keep 
these conveniences clean. 

Erection op Dwelling Houses, Water-closets, (fee. 

Every person, who intends to newly erect a building, or 
to re-erect any building pulled down to the plinth, or any 
frame building of which only the framework is left 
down to the plinth, or to convert into a' dwelling house 
any building not originally constructed for human habita- 
tion, or to convert into more than one dwelling house a build- 
ing originally constructed as one dwelling house only, has to 
give, under section 337, notice of his said intention in a 
prescribed form, as per section 344, to the Municipal City 
Engineer and to submit, under section 338, a block plan 
in duplicate showing the position of such building in relation 
to the adjoining properties, the width and level of the street 
in front or at the rear, the intended line of drainage, the sites 
and positions of the proposed privy or water-closet and 
washing places, means of ingress and egress and light and 
ventilation, etc. Such a plan should be prepared by a licensed 
architect and surveyor, under section 339 of the Municipal 
Act. One of the two copies of such plans is then sent by the 
Engineering Department to the Drainage Department for re- 
marks as regards the drainage arrangements proposed, and 
the other copy to the Health Department for remarks as to 
the site or sites of the proposed privy, cesspool or washing 
place, and on other sanitary points. , The Sanitary Inspector 
on receiving the plan, finds out the building site from the 
block plan and then proceeds to inspect the sites of the pro- 
posed privy, cesspool and washing place, and their number^ 
under sections 246A and 247 of the Act, 
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If the sites or site proposed for a privy or cesspool 
or a washing place be found objectionable on account of its 
or their being close or directly opposite to a living room 
or a dining or cook-room of the adjoining house or bouses, 
or near the windows of a bed-room of other bouses adjoin- 
ing, or abutting on a public street or a passage, sucb site or 
sites is or are altered and marked by the Sanitary Inspector 
on tbe plan. While returning the plans to the Engineering 
Department, tbe Health Department draws its attention to 
the site or sites so altered in the plan and specified tbe number 
of privy seats required and the kind and type of tbe privy 
or water-closet that should be built. Tbe Engineering 
Department has, to return tbe plan duly approved or dis- 
approved to the party within 30 days, after which the party 
commences the building work, in accordance with the pro- 
visions of section 348 of the Act and the Building by-laws. 
The Sanitary Inspector goes every month or fortnight to watch 
the progress of the building work and to see whether or not 
the requirements demanded by the Health Department are 
beiug carried out during the construction of the building. 
When the building is completed, the Engineering Department 
accepts the completion certificate from the party’s supervising 
Engineer if the Health Department has no objection. If any 
of the requirements, demanded by the Health Department 
at the time of passing the plans, are found not to have been 
carried out, then the grant of such a certificate is not recom- 
mended, and the Engineering Department takes action against 
the party under section 353 or 353A, for not carrying out the 
work according to law, and for occupying the building 
without permission. 

Every person who intends {a) to make any addition to a 
building or {h) to make any alterations or repairs to a building 
not being a frame-building, or (c) to make any alterations or 
repairs to a frame-building, or (d) to remove or reconstruct 
any portion of the building abutting on a street which stands 
within the regular line of such street has to give to the 
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Municipal Engineering Department notice under section 342 
in a prescribed printed form (under section 344), specifying 
therein the position of the building inwMobsucliworkistobe 
executed, the nature and extent of the intended work and tlio 
name of the person who will supervise its execution. If 
any notice given under section 342 does not supply all the 
information wMcb the Executive Engineer deems necessary 
to enable him to deal satisfactorily with the case, he, within 
30 days after receipt of the said notice, asks the party con- 
cerned to furnish a plan of the building and of the intended 
new work. On the party submitting such a plan, the same 
procedure is followed as described in the preceding paragraph. 

If a plan is submitted by a party to the Engineering 
Department for a building for human habitation or a factory, 
intended to be erected in a cemetery or a grave-yard no 
longer in use, the Health Department has, under clause (c) 
of section 348 of the Act, to be satisfied before the foundation 
of any such building is constructed that ail the exoremen- 
titious matter or the carcasses of dead animals and other 
filthy or offensive matter have been properly removed to the 
satisfaction of the Health Department. 

Establishment op Eactoeies. 

Every person who desires to establish any factory, such as a 
flour-mill, an oil-mill, a printing press, an aerated water factory, 
a cabinet factory, etc., in which it is intended that steam, 
water or other mechanical power is to be employed, has 
to make a written application accompanied with a block 
plan in duplicate showing therein the site of the engine, its 
horse-power and the drainage arrangements, etc., of the 
factory. In reporting upon such applications, the Sanitary 
Inspector has to note (I) the suitability or otherwise of the 
site proposed ; (2) whether the locality is open or thickly 
populated, and whether suitable or not for the purpose and 
whether the factory will prove a nuisance ; (3) the distance 
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from tlie public road and from tbe nearest dwelling bouse. 
If the site is disapproved on account of its being so 
situated that it would cause or prove a nuisance, the appli- 
cation is rejected after the place has been seen by the Execu- 
tive Health Officer or his Assistant. If the site is approved, 
then the usual requirements as regards the flooring, drainage 
arrangements, sanitary conveniences, etc., the height of the 
chimney or an exhaust pipe, means of light and ventilation 
and the means of ingress and egress are demanded. As far 
as practicable, factories are not allowed under dwelling rooms 
or in a building the upper floors of which are occupied for 
human habitation. No part of the machinery is allowed to 
be attached to any part of the building, as a safeguard against 
accident. 

While inspecting (under section 396 of the Act) if it is 
observed that a newly established factory, workshop or 
work-place is worked with steam, water, oil engine or other 
mcohanical power, without the previous written permission 
of the Municipal Commissioner, and without carrying out 
fully the requirements of the Health Department, action is 
taken by the Health Department under section 390 (1) 
against the oSender or oflenders. 

If, on inspection of a factory (under section 396), a place 
of public resort, market, or a place in which persons exceed- 
ing 20 in number are employed in any manufacture or busi- 
ness, or as workmen or labourers, it is found that such 
premises are without privy or urinal accommodation, 
action is taken by the Health Department, under section 
249 of the Act, to enforce the provision of the necessary 
conveniences. 

The following scale of sanitary accommodation for 
factories has been laid down in the Indian Factories Act of 
1911 
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Nwvtber of Operatives. Seats. 

Where the nmnber of operatives does not 

exceed 20 . . . , . . . . 1 

Where the nnmher of operatives exceeds 

20 but does not exceed 35 . . . . 2 

Where the number of operatives exceeds 

35 hut does not exceed 50 . . . . 3 

Where the number of operatives exceeds 
50 but does not exceed 150 . . . . 4 

Where the number of operatives exceeds 

150 but does not exceed 200 . . . . 5 

Where the number of operatives exceeds 

200 . . . . . . . . . .1 seat for every 

50 or fraction 
of 50. 

If females are emj)loyed, separate latrines screened from 
those of males and marked in the vernacular in conspicuous 
letter “ for women only ” shall be provided. Those for males 
shall be similarly marked ‘‘ for men only.'’ 

In factories which employ more than 100 hands and 
which do not provide flushing arrangements in the latrines, 
one urinal shall be provided for every 100 operatives or 
fraction of 100. 

In the case of smoke nuisance from a factory, workshop or 
work-plaoe or mill, action is taken under section 391 of the 
Act by the Health Department. Since the*passing of the 
Bombay Smoke Nuisances Act (VII of 1912), the Factory 
Inspector appointed by Government takes the necessary 
action in this direction. 

Action before the Magistrate. 

The procedure that is adopted in taking action under 
sections 267, 377, 375 and 250 (&).is as follows : — 

When an offence is noted, or any such defects as described 
above are found to contravene the provisions of these sec- 
tions, an oflence sheet is made out by the Sanitary Inspector 
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(entering in it tlie nature of ofience and the requirements 
necessary to remedy it) and submitted to the Assistant 
Health Officer’s office, after being registered in the Ward 
Office. A printed notice under section or sections contravened 
is prepared in the office of the Assistant Health Officer, and 
issued under his signature under section 68 of the Municipal 
Act, as empowered by the Commissioner in this behalf. 
The notice if not signed but stamped with the facsimile of 
the signature of the Assistant Health Officer is deemed to be 
juoperly signed and considered legal, under section 487 (1). 

The notice thus prepared is sent in duplicate, with the 
olience sheet, to the Sanitary Inspector for service on the 
party concerned. The Assistant Inspector or Sub-Inspector, 
who holds the authority from the Commissioner under sec- 
tion 488 of the Act to serve notices and summonses, takes the 
notice to the residence or the place of business of the person 
against whom it is issued and gives or tenders it, as required 
by section 484 (a), to the party concerned personally. If 
after repeated efiorts the party named in the notice be not 
found at home or at his place of business and personal service 
be not effected, the notice is given or tendered to some adult 
male member or servant of his family, as per clause (h) of 
section 484. If the party resides somewhere in the suburb 
or elsewhere, the notice is served upon him by post under 
a registered cover, as per clause (c) of section 484. If the 
party keeps in hiding and avoids the service of the notice, 
permission of the Assistant Health Officer is obtained to affix 
the notice on some conspicuous part of the building or land, 
if any, to which the same relates, as per clause {d) of section 
484 of the Act, When the service of the notice is effected 
by the Sub-Inspector or the Assistant Inspector, he makes 
the necessary endorsement under his signature in the form 
printed on the reverse of both the original and the duplicate 
notice. The original is then handed to the party concerned 
and the duplicate brought back with his signature thereon 
as an acknowledgment. In the body of the notice time is 
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prescribed in wbicli tbe party should carry out the require- 
ments mentioned therein. After the expiry of the notice, 
the Sanitary Inspector visits the premises and checks all the 
requirements mentioned in the notice. If all the requisitions 
have been fully complied with, the duplicate notice is en- 
dorsed and returned to the Assistant Health Officer’s office to 
be filed. If, on the other hand, the notice is partly complied 
with or is not complied with at all, the duplicate notice is so 
endorsed and returned to the Assistant Health Officer 
who passes an order to prepare a summons. Summons 
is then prepared in duplicate, by the Notice and Summons 
Clerk . in the Assistant Health Officer’s office, on 
forms supplied by the Presidency Magistrate. Simul- 
taneously, information of the Assistant Health Officer 
is prepared in a printed form and also a charge sheet. 
The information is then filed before the Magistrate on the 
next available court day. The Magistrate passes an order 
thereon for the issue of process, and the summons prepared 
in the Assistant Health Officer’s office is presented to the 
Judicial Clerk of the Court, who signs it for the Magistrate. 

Since the issue of Government Resolution No. 
2306 of 24th March, 1914, (General Department), sum- 
monses are sent by the Presidency Magistrates to the 
Assistant Health Officers direct, and the same are served 
by the Inspector or Sub-Inspector of the Health Department 
independently of the Police. The service of the summons is 
efieoted in the same way as that of the notice as per section 
484 of the Act. If the party evades the service of the sum- 
mons, an order is obtained from the Magistrate for ‘ substi- 
tuted service,’ and the summons is pasted on some conspicu- 
ous part of the building or land to which it relates. If, 
between the time of the application for the summons and its 
issue and service, it is found that the party has carried out all 
the requirements mentioned in the notice, the service of the 
summons is withheld and, after the Sanitary Inspector has 
satisfied himself that the work has been done satisfactorily. 
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tlie case is taken as “ complied with before the service 
of the summons/’ and the oase is Avithdrawn on the Court 
day, under section 517 of the Municipal Aot. A day preAUous 
to the returnable date of the summons, the Sanitary In- 
spector again visits, with his Assistant, the premises in 
respect of which the summons aa'us served and oheoks the 
notice noting in his “ Summons Book ” how far the requisi- 
tions of the notice have been oomplied AAuth. These notes 
are subsequently copied in the office charge sheets. 

On the Court day the party, on whom the summons was 
served, appears in person or by a pleader, or by his agent 
holding a poAver-of -attorney, to ansAver the charge in the 
Magistrate’s Court. The fair charge sheet is placed before the 
Magistrate and the office charge sheet remains in the hands 
of the Assistant Health Officer, who reads out from it the 
offence with which the respondent is charged. If the accused 
has oarrietl out the work, after the service of the summons, 
the oase against him is taken as “ oomplied Avith,” and the 
party is warned and discharged by the' Magistrate. If the 
aooiiaed has not done anything to comply with the requisi- 
tions of the notice and pleads ‘‘ guilty,” he is convicted and 
fined under section 471 of the Municipal Aot. If he pleads 
“ not guilty,” the Magistrate directs the evidence to be 
led and, on taking the evidence of the Sanitary Inspector 
or the Assistant Health Officer, decides the case as he 
thinks fit by inflicting a fine or by warning and discharging 
the accused. 

The fines are paid in the Court the same day, and the total 
amoTint of fines recovered is paid by the Court into the 
Municipal treasury. Those AAffio have no money to pay the 
fines there and then are alloAA’-ed a week’s time, and in oase 
of default, distress warrants are issued by the Court and 
executed by the Police, with the assistance of a Sub -Inspector 
or an Assistant Inspector from the Municipality, on the pre- 
sentation of the warrant. If the defaulter refuses to pay 
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tie fine recoverable from him, tie PoKce seize lis goods and 
lonselold furniture, etc., and recover tie amount of fine' 
by disposing of the goods by an auction sale. 

If after the service of a summons the party fails to appear 
before tie Magistrate, a warrant is ordered against lim 
and the case is adjourned to the next Court day. Tie 
warrant signed by tie Magistrate is tlen executed by 
tie Police, with tie assistance of tie Sub-Inspector, wlo las. 
served tie summons, and tie party is tlen released on bail, 

A week or ten days after tie conviction of the party, the 
Sanitary Inspector again visits tie premises witl a view to' 
finding out if tie party las since done anytling to carry 
out tie requirements mentioned in the notice. If le las, nO' 
furtler action is taken. If le has .not, tlen a report tO' 
tlat efieot is made to tie Assistant Healtl Ofiicer, wlo issues 
an after-conviction notice, and tie same procedure as de- 
scribed above is repeated, and tie party failing to comply 
witl tie after-conviction notice is punisled under section 
472, wherein a daily penalty is prescribed for each day tie 
party continues to offend by neglecting or failing to comply 
witl tie requisitions lawfully made upon lim. 

Tie following is tie procedure adopted in taking action, 
under sections 248 (1) {a), (6), (c), 249, 249-A {a), {b). 

Section 248 (1) 

Tie Sanitary Inspector inspects a building and counts tie 
number of rooms on all the floors and takes a census of tie 
occupants thereof. He then counts the number of privy 
seats provided on tie premises and takes a note of all these. 
If the premises are without privy accommodation or tie 
number of privy seats is insufficient, an offence sleet is made 
out accordingly by tie Sanitary Inspector, calling upon the 
owner to provide privy accommodation or an additional 
privy of as many seats as would be necessary in tie propor- 
tion of one seat for every set of five rooms or twenty persons. 
* 76 
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The Assistant Health Officer then addresses a letter to the 
owner concerned to provide such additional privy or water- 
oloset accommodation as may be prescribed, or to urge his 
objections, if any, in fifteen days. If the letter remains 
nn-replied to for a fortnight, a reminder is sent to the party. 
In the meantime, references are made by letter to the Muni- 
cipal Engineering, Water and Drainage Departments as re- 
gards structural alterations that would be necessary for the 
location of privy seats, the pressure of water and the drainage 
arrangements of the premises. On receipt of replies, a letter 
is addressed to the Municipal Commissioner (with copies of 
replies from the Departments, and of the party’s letter, 
if any, urging his objections) to apply to the Standing 
Committee for their approval to a notice being issued. 
After such approval is given, a notice is prepared in the 
Assistant Health Officer’s office, and the same procedure as 
detailed above is adopted thereafter in taking further action. 

In the case of action under clause (6) of section 248 (1), 
the same procedure as above is observed. 

For action under clause (c) of section 248 (1), the Sanitary 
Inspector has to note and report the insanitary features and 
the grounds on which the existing privy is considered objec- 
tionable and requires to be converted into a water-closet. 
An ofience sheet is submitted by the Sanitary Inspector and 
the rest of the procedure is the same as above. 

Section 249 In the oase of action taken under this 
section, the procedure is the same as under section 248 (1), 

Section 249-A In taking action under this section, the 
procedure is the same as in respect of section 248, with the 
only exception that no reference is made in this case to the 
other Departments of the Municipality, 

For action under section 381, the first step is to take a 
sample of water for analysis from the well, tank, ditch, or 
pool After the receipt of the result of the analysis from the 
Municipal Analyst, an offence sheet is prepared by the Sani- 
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tary Inspector and submitted to tbe Assistant Health Officer’s 
office to issue a notice to clean or fill up such well, tank, 
ditch or pool. The Assistant Health Officer prior to the issue 
of the notice addresses a letter to the party to carry out the 
requirements mentioned in the ofience sheet, failing which an 
application is made to the Municipal Commissioner to get the 
Standing Committee’s approval to a notice being issued under 
this section. On obtaining such approval, a notice is pre- 
pared and sent to the Municipal Commissioner for his 
signature and served on the owner and the same further 
procedure is then adopted as above. 

In the case of action under sections 372 (e), {/), 384 (b) and 
390 (1), no notices are issued, but a direct summons is applied 
for on the submission of an ofience sheet by the Sanitary 
Inspector. The summons is then served and further proceed- 
ings are taken in the Court as described above. 

The procedure in taking action under sections 379 and 
379 A is as follows 

The Sanitary Inspector takes a rough census of all the 
rooms of the house or chcml, against which it is intended to 
take action for over-crowding, and if he finds that the place is 
over-crowded, he prepares, under section 379, a notice which, 
after being signed by the Assistant Health Officer, is served, 
with a form of certificate, on the party concerned, who has to 
fill up a form giving details of the area of the room, etc., and 
the name of the occupant and return it to the Assistant 
Health Officer within seven days. If the party fails to do 
this, a complaint is filed before the Magistrate under section 
379, and he is summoned before the Court for non-compliance. 
The Magistrate then passes an order or convicts and fines the 
defaulter under section 471. If the party furnishes the 
required information, the occupant of each room is called 
upon to give information about the number of persons occupy- 
ing the room. The Sanitary Inspector then visits the 
premises with the certificate and verifies the measurements of 
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each room and takes an independent census of each room, 
either early in the morning or after 9 p.m. If on verification 
the statement given hy the party does not agree with the 
result of the census taken, the matter is reported to the 
Assistant Health Officer, who files an information (in the same 
way as described above) before a Magistrate, who orders the 
issue of a process. The party then appearing in Court, the 
Magistrate gives an order to abate the over-crowding in ten 
days time, under section 379- A of the Municipal Act. Failure 
to comply with this order renders the party liable to the 
penalty prescribed under section 471 of the Act. 

As a rule, action is taken generally against the owner of 
a house and in his absence agaimst the person who receives 
the rent of the said premises, or who would be entitled to 
receive the rent thereof if the premises were let ; against 
an agent or trustee who receives such rent on behalf of the 
owner; against an agent or trustee who receives the rent 
of, or is entrusted or concerned with, any premises devoted 
to religious or oharitahle purposes ; and against a receiver, 
sequestrator or manager, appointed by any Court of com- 
petent jurisdiction to have the charge of, or to exercise the 
rights of the owner of, the said premises, under section 3 
(m) of the Act. 

Complaint of ofienoes for which the Health Department 
has to take action should be made before a Presidency Magis- 
trate within three months next after the commission of such 
offence, under section 541 (c). 

If an offender under the Municipal Act declines to give 
his name and address, the Sanitary Inspector or his subordi- 
nate, under section 522, asks for the co-operation of the Police 
who arrest the offender under section 516 of the Act. 

^ If any offender, placed before the Magistrate for contra- 
vening the provisions of any of the sections of the Mmii- 
oipal Aot or for not carrying out the requirements lawfully 
demanded of him, disowns the liability and respon- 
sibility under section 477 of the Aot, or proves his inabilitv 
to carry out the work for want of sufficient funds, he is let 
off under section 500. 



CHAPTER XVIII. 

Meteorological Instruments. 

Meteorology is the science of the weather, which word in 
itself denotes the general condition of the atmosphere, and 
especially of that portion of the atmosphere near the surface 
of the earth. 

In the pursuit of meteorology, two duties present them- 
selves, viz., the accurate observation of various phenomena, 
e.g., temperature, pressure, wind, humidity, cloud, &c., and 
secondly, the practical interpretation of the data obtained. 

To be of practical value, all observations made in various 
parts of the world must be comparable and reduced to a 
common standard. 


Temperature. 

Temperature must be distinguished from heat, which is 
a thing something objective, whereas temperature is a mere 
condition of a body temperately heated or cooled. 

It is measured by thermometers, the principle actuating 
them being the expansion and contraction of certain bodies 
with change of temperature. Liquids are best suited for 
ordinary purposes, as gases expand too much and solids 
too little to indicate small differences of temperature. 

Mercury and alcohol are the two liquids most commonly 
used ; mercury because of its low specihc heat, equal ex- 
pansion at different temperatures, low vapour pressure, 
low freezing-point, (“37.9°E.), and high boiling-point, 
(675.1° F.) ; and alcohol is used, because it does not freeze at 
the greatest known cold at atmospheric pressure. 

For these reasons, mercury is used for recording fairly 
high temperatures and alcohol for low ones. 
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A thermometer consists of a capillary glass tube of uni- 
form bore, hermetically sealed at one end and blown out at 
the other into a bulb which is filled with alcohol or mercury, 
the expansion or contraction of which is measured by a scale 
marked either on the tube itself or the frame to which it is 
attached. There are four steps in the manufacture of a ther- 
V lometer, viz., (1) Calibrating the tube or dividing it into 
parts of equal capacity. This is done by introducing a small 
column of mercury into the tube and finding out if it occupies 
the same length at different positions in the tube. If it 
varies, the tube is rejected as the bore is not absolutely uni- 
form. (2) Filling the bulb or tube with mercury or alcohol 
and expelling all air by heat. (3) Curing, i.e., laying aside 
the instruments for a year or so after they are filled and before 
graduating. This permits contraction of the glass and so 
prevents displacement of zero as, if graduated too soon after 
filling, thermometers read too high after a few months. Of 
recent years, however, this process of curing by laying aside 
has been obviated by means of the annealing oven, in which 
the tube is rapidly cooled from a temperature of 320° F. to 
atmospheric temperature in 14 days. (4) Graduation. In 
order to mark off a scale of temperatures, two points must be 
taken. These two points are the freezing and boiling-points 
of water. 

In England and America, zero is the temperature ob- 
tained by mixing equal parts of snow and sale ammoniac. 
On the continent of Europe, zero represents the temperature 
of melting ice, a temperature 32° F. higher than that 
obtained by the former method which was first introduced 
by Fahrenheit. Consequently, when a Fahrenheit scale 
thermometer is put into melting ice, its scale will read at 32°. 

Both in England and on the Continent, the other fixed 
point is obtained by nothing the temperature reached by water 
boiling in a metal vessel at the ordinary atmospheric pressure 
of 29.921 inches or 760 m. m. mercury. 
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Having noted carefully the manner in which these fixed 
points are obtained, we may pass on to the three scales in- 
common use. 

On the Continent the space between zero and boiling 
point is divided into 100 parts, and this division is known as 
the Centigrade or Celsius scale. Another scale introduced 
by Reaumur exists, in which the space between the extremes 
is divided into 80 parts only. 

In England and America, however, where the Fahren- 
heit scale is in general use, the space between zero and boil- 
ing-point is divided into 212 parts. Owing to the different 
methods employed in obtaining zero, the temperature of 
melting ice on the Fahrenheit scale is 32° F.; therefore 100°C. 
or 80° R. equal 212° F. less 32, that is to say 180° F. ; there- 
fore 1° F.=f C or 1° R. 

To convert Fahrenheit degrees into G. or R., one must first deduct 32 ^ 
and then multiply hj’’ the relative value of the two degrees — 

F. into C.=(F— 32) a=C. 

F. into R.=F— 32) |=R. 

Conversely, 0. and R. degrees may be altered into Fahrenheit by- 
adding 32 after multiplying by the ratio value. 

C. into F.=§ C. + 32. 

R. into F.=| R. -h 32. 

To convert Centigrade into Reaumur, multiply by ^ ; 

or to convert Reaumur into Centigrade, multiply by | . 

The Fahrenheit and Centigrade scales agree at -40°. 

The boiling-point of a liquid is the temperature at whicli 
the pressure of its vapour equals that of the atmosphere upou 
it, and is influenced by (1) the nature of the liquid, (2) the pres- 
sure on it ; the lower the pressure, the lower the boiling-point;. 

(3) tlie nature of the vessel in which it is contained ; the boil- 
ing-point is higher in a glass vessel than in a metal one ; 

(4) the air dissolved in the fluid which lowers the boiling- 
point and (5) substances in solution which raise the 
boiling-point. 
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Thermometers. 

There are many varieties of thermometers in use, including 
standard, thermometers, ordinary, maximum and minimum, 
self-recording and radiation thermometers. 

A standard thenmtneter is merely one made with very 
great care to secure accuracy. Unless intended for use in 
very cold climates, it is usually made to contain mercury. 

Ordinary thermo'ineters should he occasionally checked 
against a standard one. They usually contain mercury. 

Maximum thermomters . — There are several well-known 
forms. 

Philip's maximum is a mercurial thermometer ; it is so 
manufactured that a small bubble of air is introduced into 
the tube in such a maimer as to separate a portion of the 
mercury from the remainder. To set the instrument, the 
bulb-end is lowered and the instrument is gently tapped 
until the detached portion almost joins the rest of the column. 
The instrument is placed in the horizontal position with, 
if anything, a slight . depression of the bulb-end. On the 
temperature rising, the mercury expands and rises up the 
tube pushing the detached portion forward in front of it. 
On the temperature falling, the portion detached by a bubble 
•of air is left behind. 

In reading the instrument, the end of the detached portion 
furthest from the bulb records the highest temperature 
reached. 

Negretti's is also a mercurial thermometer and is suspen- 
ded in the horizontal position. In this the detachment of 
a portion of the mercury is brought about, not by a 
bubble of air, but by a slight contraction of the lumen of 
the tube, which does not interfere with the expanding 
mercury but yet prevents the return thereof, as the 
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molecular attraction of the metal is insufficient to enable it 
to pass the obstruction. To set the instrument, gently tap it 
when the bulb is lowered, or gently swing it. The extremity 
of the detached portion farthest from the bulb shows the 
highest temperature reached. 

*Minimum Thermometer . — 

Rutherford’s Minimum Thermometer. — In this, alcohol 
is the fluid used, and a small index, usually of glass is placed 
in the tube, which should be kept horizontal or nearly so. 
When the column of alcohol expands it flows past the index, 
but when it contracts it does not leave the index behind it 
but draws it along by capillary attraction, so that the point 
at which it ultimately rests indicates the lowest temperature 
attained. 



RUTHERFORD’S THERMOMETER. 

Registering Thermometers. — The oldest is probably that 
made by James VI and bears his name. The one most com- 
monly used at present is Six’s thermometer (see Fig. next 
page). It consists of a ‘ U ’ shaped tube (c-d), one end of 
which is drawn out into a long shaped bulb (a) filled with 
alcohol. The other end is expanded into a pear-shaped 
bulb (b) which is filled with alcohol, alcohol vapour and air. 
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The bend of the ‘ U ’ and a portion of each limb contain 
mercury and the alcohol in the bulbs (a, b) overflows into 
each of the limbs of the U-tube and rests on the mercury 
column. In both tubes there is a steel index. 



six’s thermometer. 


The instrument is hung in the ver- 
tical position. 

To set it, use a magnet and gently 
draw down each index until it rests on the 
surface of the mercury. 

If the temperature rises, the alcohol 
in the bulb (a) and tube (c) expands and 
pushes the mercury down in the tube 
(c) and up in tube (d). When the 
temperature falls, the alcohol contracts 
and the air in bulb (6) forces the mercury 
down in tube (d) and up in tube (c) . 

In each case the reading is taken 
from the level of the lower end of the 
index. The temperature scale reads 
downwards in the tube (c) and upwards 
in the tube (d). Occasionally alcohol 
oozes past the mercury and runs from the 
tube (c) to the tube [d ) ; this throws the 
reading entirely wrong and the instru- 
ment should be sent to the maker to 


remedy it. 


Causes oe Inteechange and Variations oe 
Temperature. 


An interchange of temperature between bodies heated to 
different degrees takes place owdng to conduction, convection 
and radiation. 

By conduction is understood the communication of heat 
from particle to particle in the same body. Its progress 
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is gradual and not instantaneous as is the case in radiation. 
The best conductors are the metals. Solids are better than 
liquids and the latter better than gases, but both liquids 
and gases as well as glass and wood are bad conductors. 

Convection is the mode by which heat is transmitted 
through a fluid and the movements of the air to which we 
apply the term wind ; the currents of the sea are also due to 
convection, w'hich depends on the alteration in the density 
of the particles which causes them to rise to the surface when 
heated and vice versa when cooled. 

Land and sea breezes are due to convection : the land 
during the day becomes warmer than the ocean and by 
radiation it imj)arts its heat to the air above it and this heated 
air rises allovdng colder air from the sea to take its place. 
During the night, the land and sea both grow colder and the 
former more rapidly than the latter owing to the high speci- 
fic heat of water, and consequently, the relative temperatures 
of the two being now reversed, a breeze blows from the land 
towards the sea. 

Radiation . — Heat can be transmitted from one body tO' 
another without altering the temperature of the intervening 
medium. Heat thus propagated is said to be radiated. The 
property of radiating heat is not confined to luminous bodies, 
such as fire, or a red hot ball, but bodies of all temperatures 
radiate heat. Certain laws apply to radiation of heat. 

{a) Eadiation takes place in all directions from a body. 

{h) In a homogeneous medium, radiation takes place in 
a right line, but in passing obliquely from one medium intO' 
another, as from air into glass, rays are refracted just as rays 
of light are. 

(c) Eadiant heat is propagated in vacuo as well as in air. 

The intensity of radiant heat is (1) proportionate to the 
temperature of the source ; (2) inversely as the square of 
the distance from the source ; (3) less, the greater the obli- 
quity of the rays with respect to the radiating surface. 
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Solar radiation.-~li'h.& most intense of all sources of heat 
is the sun, the heat rays from which falling on the land are 
arrested at the surface, the amount of absorption depending 
on the conducting power of the soil ; but on water, the rays 
penetrate some distance below the surface. 

The intensity of the sun’s rays is determined by means of 
Solar Radiation Thermometer which is a maximum mercury 
thermometer. The bulb and about an inch of the stem are 
blachened with lampblack in order to prevent loss of heat by 
reflection. The thermometer is placed in vacuo in a glass 
case. The readings are taken by placing the instrument 
directly in the sun about 4 feet from the ground and away 
from walls, trees and houses. 
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At the same time a maximum thermometer is similarly 
exposed away from trees, etc., but in the shade and not in 
vacuo. The excess of the temperature of the black bulb 
over that of the surrounding air, as measured by the ordi- 
nary maximum themiometer, is an approximate measure 
of the actual sun’s rays. 

Terrestrial radiation.— The heat received by the earth is 
again radiated from it, and as a result of this alternate ab- 
sorption and radiation the mean temperature of the earth 
seldom varies. 
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As soon as tlie snn sets, the earth begins to radiate heat 
into space and thus to become chiUed. This chilling process 
however is modified by {a) the presence of clouds which 
radiate back the heat to the earth, (6) the deposition of dew 
by which a large amount of latent heat is set free, (c) the 
presence of a wind which lessens the rapidity at which the 
earth cools owing to the fact that the earth comes in con- 
tact with the air of the upper as well as the lower strata of 
the atmosphere due to the movements caused by the wind, (d) 
the surface of the earth which receives a certain amount of 
heat from the air in contact with it, and also by (e) radiation 
downwards from the air above it. 

Similarly, the radiation of heat from water is modified, 
because (1) water has greater specific heat and, therefore, cools 
more slowly than land, (2) the cooler particles of water sink 
and are replaced by warmer ones and this process is very 
slow ; thus the temperature of the surface of the water can 
only be lowered by the temperature of the whole mass falling, 
which will require a longer or shorter time depending on the 
depth of water. 

The loss of heat due to terrestrial radiation is measured 
by placing the terrestrial radiation thermometer on short 
supports about 4 inches high from the ground, preferably on 
a grass plot. 
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Should snow lie on the ground, it can be placed directly 
on the snow. 
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At the same time a minimum thermometer is exposed 
in the usual way and the difference between it and the one 
laid near the ground is recorded as the amount of terrestrial 
radiation. 

Due to the distance of the sun from the horizon, the tem- 
perature of a place varies from hour to hour. The mean 
temperature of the day is determined in most observatories 
by recording the height of the thermometer at every moment 
of the day by photography. 

Failing this, it can be estimated — 

(1) by taking two readings at twelve hours interval 
e.g,, 8 A.M. and 8 p.m. or 9 a.m. and 9 p.m, ; the mean of 
these readings more or less approximates the true mean ; 

(2) from three daily observations at say : 6 a.m., 2 p.m. 
and 9 p.m. 

The daily minimum temperature is about 1 hour before 
sunrise and the maximum about 2 hours after noon. 

The mean temperature of a place is determined by adding 
the mean temperature for several months and then dividing 
by the number of the months embraced by the observations. 

In exposing a thermometer it is essential to see that a 
constant circulation of air is kept up round the thermometer 
bulb and that this air has not just previously passed over a 
very hot or a very cold surface ; the bulb must also be pro- 
tected from the direct rays of the sun and from radiation 
from objects in the immediate vicinity. To meet these 
requirements, Stevenson’s screen is largely used. It con- 
sists of a box on legs 4 feet high. It is open below, the 
sides are lowered and the roof is ridged. It should be 
placed at least 20 feet away from any building or wall. 

Maximum and minimum thermometers are usually read 
once a day, viz., at 9 a.m. 

Anemometers — These are instruments for recording the 
velocity of the wind. Eobinson’s instrument is the one 
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generally employed. It consists of an upright iron stand, to 
the upper end of which are attached four arms, at right 
angles to one another. The free ends of these arms carry 
hemispherical cups. When the instrument is set in the breeze, 
the wind exerts greater force upon the hollow surfaces of the 
cups than upon their rounded surfaces ; rotation, therefore, 
occurs and the stronger the wind, the faster the rotation. The 
revolving cups set in action a train of clockwork and the 
velocity of the wind is recorded on a series of dials. It was 
supposed by Eobinson at first that the cups moved with 
about one-third of the velocity of the wind. It is now known 
that this is not correct. The velocity of the wind may be 
taken as about 2 ^ times the velocity of the cups, when the 
instrument is so constructed that the cups are 9 inches in 
diameter, and the arms 24 inches in length. In the case of 
low velocities, allowance should be made for friction as well. 
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The mstrument should be placed away from trees and 
buildings and, if possible, above the level of surrounding 
buildings. 

The Barometer or Measure oe Weight 
OF THE Atmosphere. 

The atmosphere at sea-level exerts a pressure of about 
14.64- lbs. per square inch. 

It can support a column of mercury 29.92 inches high. 
Taking the density of water as 1 and of mercury as 13.59, 
the column of water sustained would be 33 .9 feet. 

Similarly, the atmospheric pressure can sustain a column 
of alcohol 42.4 feet. 

For general use mercury is chosen, as it is portable and the 
tube containing it is not so unwieldy as in the case of water; 
moreover, in the water barometer the space above the water 
is not a true vacuum, as it very nearly is in the mercurial 
barometer. 

In its simplest form, a barometer consists of a glass tube 
about 33 inches long, closed at one end and open at the other. 
The tube is completely filled with mercury and then inverted 
with its open end downwards in a vessel containing mercury, 
great care being taken to see that no air enters the tube. 
The tube being held in a vertical position, the column of 
mercury in it sinks and, after oscillating for some time, finally 
comes to rest at a point about 30 inches above the mercury 
in the trough. The space thus left between the mercur}’’ 
and the top of the tube is knowm as the Torricellian vacuum. 

Certain precautions must be accepted in filling a baro- 
meter, amongst which are — 

{a) The mercury used must be pure ; (6) the tube must 
be perfectly dry, otherwise, any moisture present rises as 
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vapour to tlie top of the tube and causes depression of the 
mercury ; (c) the mercury must he boiled to expel air and 
moisture, and {d) the tube must be of uniform calibre. 

TJiq siphon barometer consists of a bent tube of uniform 
calibre ; one of the branches is much longer than the other. 
The longer branch which is closed at the top is filled with 
mercury, while the shorter branch which is open serves 
as a cistern. The difference between the two levels is the 
height of the barometer. 

The cistern barometer . — The tube, as previously described, 
is filled with mercury and inverted into a vessel or cistern 
also containing mercury, and the whole is fiixed to a scale. 

There are certain sources of error in the ordinary cistern 
barometer — ■ 

{a) Capillarity, (b) Capacity, (c) Temperature, (d) Height 
and (e) Index, 

(а) GapillariUj . — The effect is to depress the column of 
mercury, the amount of depression varying with the internal 
diameter of the tube. The smaller the diameter, the greater 
the error. 

The correction is always positive. 

(б) Capacity . — This error is the result of the rising and 
falling of the mercury in the tube and the consequent ever- 
varying level of mercury in the cistern. 

It is evident that given a tube of mercury standing in a 
cistern of the same metal, a fall of the column must pro- 
duce a rise in the level of the mercury in the cistern. 

If, therefore, the scale of the instrument be laid off from 
zero at any fixed point in the extern, the readings will be 
wrong at every point, but one. The movements of the 
77 
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column will always be too small in tbe ratio which the area 
of the cistern hears to the area of the tube. 

Various devices have been proposed to overcome this. 

Capacity correction. — The ratio between the area of the 
tube and the cistern is noted and recorded on the scale, e.g., 
capacity On the scale there is always a certain height 
which is correctly marked 5 this may be called the neutral 
point. Now, if the mercury falls below this, the height read 
will be too great, because the level of the mercury in the 
cistern is above zero ; and vice versa. To apply this correc- 
tion, multiply the difierence between the observed height 
and the neutral point by the capacity correction and add 
it to the reading when the column is higher and subtract 
when it is lower than the neutral point or height. 

Kew pattern. — No attention is paid to the mercury in the 
cistern, but the graduations on the scale are only in nominal 
inches, being shorter than true inches from above downwards 
in proportion to the relative size, of the tube and cistern. 

Fortin pattern of harometer differs from the ordinary 
barometer in the shape of the cistern which consists of a 
glass cylinder through which the mercury can be seen. This 
is closed at the top by a box-wood disc fitted on the under- 
surface of the brass cover. Through this passes the barometer 
tube which is drawn out at the end and dips into the mercury 
in the cistern. The bottom of the cistern is made of leather 
and can be raised or lowered at will by means of a screw. 
Attached to the top of the cistern is a small piece of ivory 
tapering to a point (called the point). Before taking 

a reading of the barometer, the mercury in the cistern should 
be raised or lowered until it just touches the fiducial point. 
The error seen in the ordinary barometer is removed by laying 
off tlie scale from the extremity of this fiducial point. The 
inches marked on the scale are true ones. 


Fortin’s Barometer. 
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A barometer should be placed indoors in a good light 
but not in the sun, and it should be suspended vertically. 



JFORTIN BABOMETEB. 


The scale for reading the height of the 
column of mercury is divided into inches, 
tenths and half 'tenths of inches ; and, 

to obtain more accurate readings than 
the scale alone allows, a sliding scale or 
vernier is attached, which serves to indi- 
cate the amount of space occupied by the 
Hg. between the half -tenth lines. The 
vernier scale is divided into 25 equal parts, 
which correspond to 24 half-tenth divi- 
sions on the barometer scale. Each divi- 
sion on the vernier is, therefore, equal to 
io.oh, i.e., ^ inoh=-048 inch, and 
is thus less by • 002 inch than a half-tenth 
division on the barometer scale.* 

To use the vernier, adjust it so that 
its lower edge just corresponds with the 
top of the meniscus of the mercury, no 
light being visible between them. If the 
lower edge exactly corresponds with one 
of the smaller divisions of the main scale, 
then this division represents the exact 
reading of the barometer. 

But if the lower edge of the vernier does 
not so correspond exactly, then one must 
follow up the scale until the point is 
reached where a vernier division and a 
principal scale division exactly coincide. 

* Some verniers are prepared by dividing 9 
divisions of the main scale, each ^^^th of an inch, 
into 10 divisions on the verruer. The difference 
between the divisions of the two scales would then 
be '01 of an inch. 
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Now count ofi the number of vernier divisions from the 
top of mercury upto where the two scales correspond and' 
multiply by -002. Add the result to the reading sliewn 
on the principal scale and so obtain the reading corresponding 
with the top of the mercury. 

Having read the barometer with the aid of a vernier,, 
there are certain corrections which it is necessary to apply. — 

(1) Index error . — This lies in the instrument itself; 
it is generally the same at all parts of the barometric scale, 
and is very small. It may be positive or negative, the fact, 
being usually stated on a certificate. 

(2) Capillaritij . — The correction is always positive. 
These two errors are often grouped together and an inclusive 
figure is given in a certificate with the barometer. 

In the siphon barometer, errors for capillarity and 
capacity do not exist and are, therefore, not allowed for. 


(c) Correction for temperature . — Two corrections have 
to be made here, one for the expansion of the mercury, and 
the otlier for that of the brass. 


For purposes of accurate comparison, all readings should 
be reduced to 32° F. or 0° C. 

Mercury expands on heating and contracts on cooling. 
The co-efficient of expansion is O'OOOl for every degree F., 
rise of temperature, i.e., a given volume of Hg. at 32° F. in- 
creases 0-0001 of this volume for every rise of 1° F. above 
32° F. 


To correct, use formula — 

Heiglt at 32” height. 

^ 1 + -0001 (1^32) 

e.g., Barometer reads 29 • 452 inches ; Thermometer 62° F., 
To fitid height at 32° F. 


Heights 


29-452 __29-452 

l-j--0001x30~ 1-003 
=29-363 inches. 


.Aneroid Barometer, 
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Tlie index is made of brass, and this also expands on 
boating and contracts on cooling. - 

Tlie necessary corrections can be obtained from a special 
table. 

(d) Correction for height . — For purposes of comparison 
all barometric readings are reduced to mean sea-level. 

As a rule, mercury falls about 1 inch for every 900 feet 
ascended — i.e., about ^ or O'OOl incb for every foot ascen- 
ded, and tliis amount multiplied by tbe number of feet ascen- 
ded must be added to tbe observed height, if the place be above 
the standard level. Temperature falls about 1° for every 
300 feet ascended. 

Aneroid barometer, i.e., a barometer without a liquid. 
It consists of a metal box from the interior of which the air is 
exhausted. Any increase of atmospheric pressure compresses 
the box and the motion is by suitable levers made to move 
the hand on the face of the aneroid. It can never be relied 
upon for fixed stations, as it may work extremely well for a 
time and then go hopelessly wrong. Checked against a 
standard barometer frequently, it is valuable in measuring 
altitudes. It should always be read in one position and not 
at one time hanging and at another lying flat. 

To ascertain the altitude by a barometer . — Bead the aneroid 
to the nearest ^ of an inch. Subtract the upper station 
reading from the lower. 

Neglect the decimal point and multiply by 9. Eesult is 
in feet. 

Note . — If temperature is above 70, or upper barometric 
reading is below 26, then multiply by 10. 

Another method : — 

(1) Take the mean of the -barometric readings of the 
upper and lower stations. 
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(2) Take the mean of the temperatures of the upper and 

lower stations. 

(3) From a table find the height of a column of air which 

will at this mean pressure and temperature support 

1 m.m. of mercury. 

(4) Multiply this by the difference between the two baro- 

metric readings. 

(5) Eesult is in meters. 

Humidity. 

The term implies the amount of vapour present in the 
air which is also called the degree of humidity. By absolute 
humidity is meant the amount of vapour present in a given 
volume of the air, while relative humidity represents the 
amount of vapour present, expressed as a percentage of that 
amount necessary to cause saturation of the air at that tem- 
perature. 

The amount of vapour in the air is not a measure of its 
humidity, for the air is for the most part drier in summer 
than in winter, although the amount of vapour present in 
the former is much greater, * 

At all ordinary temperatures, water gives off vapour and 
it evaporates into dry air as into a vacuum, but the volume- 
of the resulting moist air is greater than that of the original 
dry air. 

The higher the temperature of the air, the greater the 
pressure of the water vapour, i.e., the amount of moisture 
which the air can hold is constantly varying with its tem- 
perature. Thus at 32° F. a cubic foot of air can take up only 
2*10 grains of aqueous vapour, while at 100° F. it can take- 
up as much as 19 ‘84 grains. When the air is so full of mois- 
ture that it can hold no more, it is said to be saturated. 


Humidity. 
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The volume of moist air is greater than that of dry air, 
e.g., a cubic foot of dry air at 60° F. weighs 536*3 grs. and 
can take up 5 • 77 grs. of water. The product, however, is not 
one cubic foot of moist air weighing 642*1 grs. but 1*0176 
cubic feet, and a cubic foot of the same moist air weighs 
only 532*7 grains. 

As a rule, the water present is only about 70 or 75 per 
cent, of the amount required to saturate it (relative humidity ) ; 
but if the air is cooled, the same amount of aqueous vapour 
may suffice to saturate it, e.g., 100 cubic feet of air, three 
parts saturated at a temperature of 70° F., would hold 600 grs. 
of aqueous vapour ; if for some cause or other the temperature 
of the air be reduced to 61° F., then that volume of air would 
become quite saturated, because at that temperature it could 
only hold 600 grs. ; and if the temperature be still further 
reduced, say to 56° F, it could only hold 500 grs. and the 
difference therefore (vzz., 100 grs.) would be deposited as mist, 
dew or rain. 

In perfectly pure air, a pressure of vapour may be main- 
tained greater than that corresponding to the temperature 
of saturation. 

It is on the presence of solid particles of dust in the air 
«that the formation of mists and fogs depends, the precise 
degree of mist or fog depending on the amount of dust pre- 
sent and on the size and constitution of the particles. Such 
atmospheric dust probably consists of fine salt particles 
from the sea, meteoric dust, products of combustion, and 
animal, vegetable and miueral matter. 

When the number of dust particles is large or their size is 
considerable, and the quantity of vapour condensed is small, 
we get the phenomenon of a town fog or so-called dry fog. 

Sea fogs probably occur in air, which is comparatively 
dry, because the nucleus in their case consists largely of 
salt grains derived from spray or surf which have a great 
affinity for moisture. 
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The formation of dew is analogous ; it is formed by the 
condensation of aqueous vapour on the ground or on blades 
of grass, instead of rmiiid nuclei of dust in the air as in the 
case ill fogs. The earth cools at night by radiation and this 
reduces the temperature of the air in its vicinity and at length 
a point is reached when the air, at that particular tempera- 
ture, is unable to support the amount of water vapour con- 
tained- in it and consequently the surplus is deposited as 
dew. The particular temperature at which this deposition 
occurs is known as deu’-point, and it is from the determination 
of this that the amount of moisture present in the air is calcu- 
lated. 

The instruments used for the determination of dew- 
point are known as hygrometers and there are several 
patterns. Some give the information rec[uired in a direct 
manner, ejj., Danieil’s, Eegnault’s and Dine’s, others 
re({uire certain calculations in order to arrive at a results 
e.g., the dry and w^et bulb thermometers. 

Direct Hygrometers. 

DanielVs hygrometer consists of a bent glass tube supported 
on a stand. At the end of each rectangular bend is a bulb. 



daniell’s hygrometer. 


Dibect Hygeometers, 
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The lower bulb is of black glass or wdiite glass covered: 'with 
a gold band and contains ether, and a thermometer the 
stem of which is visible in the tube above. The other bulb 
and the remainder of the glass tube contain the vapour of 
ether, and the bulb itself is covered with muslin. 

To use the instrmrhent . — ^All the ether should be brought 
into the lower bulb. The muslin on the upper bulb is then 
wetted with ether and by its evaporation the temperature 
of the bulb is lowered; this causes a condensation of the 
ether vapour in the tube and bulb, and as a result an increase 
of evaporation from the ether in the black bulb with, in conse- 
quence, a lowering of the temperature in that bulb. As 
soon as the temperature of the black bulb sinks to the dew- 
point, then the black surface or the gold band is dulled by the 
deposit of atmospheric vapour and this temperature is at 
once read off by means of the contained thermometer. The 
wetting of the upper bulb with ether is then stopped and 
^ince there is now no evaporation of ether, the moisture 
deposited on the lower bulb disappears. The temperature 
is again taken at the moment of disappearance of the 
moisture from the bulb. The mean of the two temperatures 
;gives the dew-point. 

A thermometer is generally attached to the stand and 
gives the temperature of the room. 

On account of the low boiling-point of ether, this hygro- 
meter cannot be used in very hot climates. (The boiling 
point of ether is 36° C. or 97° F.). 

The temperature at the moment of the deposit of moisture 
•on the ether bulb is really a little lower than the dew-point ; 
if, however, the instrument be left alone and the temperature 
noted at the moment of the disappearance of , the dew, the 
mean of the two readings will give the correct dew-point. 
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BegmuWs hygrometer is a modification of Daniell’s.. 



regnault’s hygrometer. 

It consists of two thin glass tubes A and B, corked at one 
end and fitted into two thin silver thimbles suspended on 
a stand ; a thermometer is placed in each, the stems of which 
pass through the corks. 

The tube A contains some ether, and a glass tube opening * 
below the ether passes through the cork and opens into the 
air. Tube A is connected with an aspirator. 

Tube B holds a thermometer which indicates air 
temperature. 

To use the instrmnenL — The cock of the aspirator is turned 
on, air is drawn through A and the temperature is noted 
the moment the silver thimble becomes tarnished with mois- 
ture : The aspirator is then stopped, the moisture from the 
thimble disappears and the temperature is again noted at 
this moment. The mean of the two temperatures represents, 
the dew-point. 
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Diners hygrometer is of a very simple form. It consists 
of a wooden stand in wHch is a vessel containing 
powdered ice. 

T'rom tliis proceeds a pipe leading to a space containing a 
thermometer. The roof of this space is covered in by black- 
ened glass. 



dine’s hygrometer. 

Cold water passes through the space beneath the glass, 
plate, until the glass becomes dull from moisture deposited 
on it. The moment this occurs, the temperature of the 
contained thermometer should be read off. The flow of 
water is then stopped, the moisture disappears and the 
temperature again noted. The mean of these two readings 
gives the dew-point. 

De Saussure’s hair hygrometer depends for its action 
on the fact that a hair elongates when moistened and 
contracts on being dried. The hair is deprived of all greasef 
by washing it in ether or in liquor potassse, and it is then 
fastened at one end and to the other end is attached a small 
weight to stretch the hair. The hair passes round a 
movable axis, which carries a lever pointing to a graduated 
arc. As the hair expands or contracts, it rotates the axis, 
and the indicating lever. The arc is graduated first for' 
perfectly dry air=0, and then for air saturated with 
moisture=100, and the , intervenmg space is graduated 
accordingly. 
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The ivct and dry 



THE WET AND 
DRY BE LB 
HYGROMETER, 


hulb thermometer consists of two 
thermometers set in a frame side 
bj side. The bulb of one of 
these is covered with muslin 
which, by the aid of a piece 
of wick and a small receptacle 
for water placed under the 
thermometer, is kept constantly 
wet. 

If the air is saturated with 
moisture, no evaporation takes 
place from the wet bulb and 
its reading will be the same 
as that of the dry bulb thermo- 
meter which gives the reading 
of the ordinary temperature of 
the air. If, however, the air 
be not saturated, evaporation 
takes place from the wet bulb, 
thereby lowering its temperature. 
The drier the air the faster the 
evaporation taking place, and 
consequently the greater the cool- 
ing and the fall in the thermo- 
meter. In frosty weather the 
muslin may be hard, in which 
case one must merely brush it 
over with water, 

■ From the wet and dry bulb 
readings the dew-point can be 
calculated, and from the dew- 
point the weight of water present 
in the air and the humidity of 
the air. 





V 
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The dew-pomt can be very roughly ascertained (a) by 
taking it to be as much below the wet bulb reading as that 
is itself below the dry bulb reading ; or (6) by the use of 
Glaisher’s factors, thus : Take the difference between the 
dry and wet bulb readings : multiply this by the factor 
opjjosite the dry bulb reading in Glaisher’s Table ; deduct 
the product from the dry bulb reading and the result is the 
dew-point. 

This may be expressed by the formula — 

I)=Td— F (Td— Tw), 
where /D=Dew-pomt. 

Td=’Dry bulb temperature. 

Tw=Wet bulb temperature. 

F =factor in Glaisher’s table opposite dry bulb 
temperatiu-e. 

Precautions m using the wet and dry bulb thermo- 
meters ; — 

(1) Both thermometers must be exactly alike. 

(2) Free circulation of air must be maintained round the 
wet bulb. 

(3) The vessel containing the water should be small and 
placed some inches from both bulbs. 

(4) The muslin must be kept thoroughly moist, but not 
to allow collection of water at the bottom of the 
bulb. 

Example op the working op Glaisher’s Factors. 

Dry bulb reading 84 

Wet bulb „ 76 

Factor opposite dry bulb reading of 84=1 . 66. 

Then, 

84—76= 8 

8x1.66=13,28 

84 — 13 . 28=7 0 . 72“=the dew-point. 

I 
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Glaisher’s Factors. 


Beading 
of Dry 
bulb 
Them. 

Factor. 

Rea.ding 
of Dry 
bulb 
Therm. 

Factor. 

Reading 
of Dry 
bulb 
Therm. 

Factor 

Reading 
of Dry 
bulb 
Therm. 

Factor. 

10 

8.78 

33 

3.01 

56 

1.94 

79 

1.69 

11 

8.78 

34 

2.77 

57 

1.92 

80 

1.68 

12 

8,78 

35 

2.60 

58 

1.90 

81 

1.68 

13 

8.77 

36 

2.50 

59 

1.89 

82 

1.67 

14 

8.76 

37 

2.42 

60 

1.88 

83 

1.67 

15 

8.75 

38 

2.36 

61 

1.87 

84 

1.66 

16 

8.70 

39 

2.32 

62 

1.86 

85 

1.65 

17 

8.62 

40 

2.29 

63 

1.85 

86 

1.65 

18 

8.50 

41 

2.26 

64 

1.83 

87 

1.64 

19 

8.34 

42 

2.23 

65 

1.82 

88 

1.64 

20 

8.14 

43 

2.20 

66 

1.81 

89 

1.63 

21 

7.88 

44 

2,18 

67 

1,80 

90 

1.63 

22 

7.60 

45 

2.16 

68 

1.79 

91 

1.62 

23 

7.28 

46 

2.14 

69 

1.78 

92 

1.62 

24 

6.92 

47 

2.12 

70 

1.77 

93 

1.61 

25 

6.63 

48 

2.10 

71 

1.76 1 

94 

1.60 

26 

6.08 

49 

2.08 

72 

1.75 ! 

95 

1.60 

27 

5.61 

50 

2.06 

73 

1.74 ; 

96 

1.59 

28 

5.12 

51 

2.04 

74 

1.73 

97 

1.59 

29 

4.63 

62 

2.02 

75 

1.72 

98 

1.58 

30 

4,15 

53 

2.00 

76 

1.71 

99 

1.58 

31 

3.60 

54 

1.98 

77 

1.70 

100 

1.67 

32 

3.32 

65 

1.96 

78 

1.69 




The moisture present in the atmospheric air exerts a 
■certain amount of pressure which forms a part of the atmos- 
pheric pressures indicated hy barometers. This pressure is 
called the “ elastic force of the vapour ” or “ the tension 
of aqueous vapour”. The aqueous tension is greatest near 
the equator and least near the poles ; greater over the 
ocean than over dry land, iu summer than in winter, by day 
than by night and at sea-level than in the upper strata of the 
atmosphere. 

The aqueous tension can be ascertained by reference to 
tables. It is important for the calculation of relative humi- 
dity whicli is done as follows : — 

Relative dew-point . ^ 

aqueous tension at air-temperature. 


Bainpall. 
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Example : — 

Dew-pomt=70-7. 

Temperature of air=84. 

The aqueous tension at dew-pomt=0 . 750. 

The aqueous tension at air temperature=l . 165, 

B. X 100=64 . 4 per cent, of saturation. 

Table op Tensions op Aqueous Vapoue. 



Bainpall. 

As the clouds consist of particles of water, they are con- 
stantly raining ; hut between the clouds and the earth there 
is usually a non-saturated belt of air or region, where these 
particles of water, when small, are evaporated before they 
reach the earth. The physical cause of rain is the sudden 
chilling of comparatively warm moist air, either by its ascent 
into the upper and colder regions of the atmosphere or by 
its contact with cold mountain slopes. It has been estimated 
that one gallon of rainfall, by its condensation from vapour 
into liquid form, gives out latent heat enough to melt 75 lb's. 


A" 
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of ice. The condensation of one grain of aqueous vapour 
gives out enougli lieat to raise 536 grains of water 1 C. 

To collect and measure the rain, rain-gauges are used. 
There are several forms of gauges. The simplest consists 
of a copper fuimel leading to a bottle or receiver in which 
the rain is collected and from which it is drawn and mea- 
sured. The funnel has a sharp circular rim and is gene- 
rally either 5 or 8 inches in diameter ; the rim should be 
truly horizontal, else the gauge will catch too much or too 
little according to the direction and force of the wind. The 
tube leading from the funnel to the bottle should be long 
and narrow so as to lessen loss by evaporation. 

The best position to place the gauge 
is on the ground about one foot above 
the level of the earth, in an exposed 
]30sition free from trees, houses, etc. No 
object ought to subtend a greater angle 
with the horizon than 20° in any direction 
from the gauge. Others, however, con- 
tend that the best position is to bury 
it in the earth making its top just even 
with the surface of the ground. 

More rain is collected on or near 
ground level than on the top of a building, 
or on a stand at a height above the ground. 
This has been ascribed to the fact that 
the rain drops, which are generally colder than the layers 
of the air which they traverse, condense the aqueous 
\apouT in these layers and therefore constantly increase 
in volume ; hence more rain falls on the surface of the 
ground than at a certain height. But it has been objected 
that the excess of the quantity of rain which falls over 
that at a certain height is six or seven times that which 
could arise from condensation, even during the whole 
course of the raindrops from the clouds to the earth. 



LJ I 
1 
I 
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The difference must therefore be ascribed to purely local 
causes ; and it is now assumed that it arises from eddies 
produced in the air about the rain-gauge which are more 
perceptible the higher it is from the ground ; and as these 
eddies disperse the drops which would otherwise fall into 
the instrument, they dimmish the quantity which it receives. 
In any case it is clear that, if rain-drops traverse moist air 
they will, from their lower temperature, condense aqueous 
vapour and increase in volume, and vice versa. 

Snow and hail collected in the rain-gauge can be melted 
for measurement by adding a known volume of warm water 
and deducting that quantity in subsequent calculations. 

To calculate the quantity of rain intercepted by the rain- 
gauge, the rain collected in the receiver is measured in a gradua- 
ted glass vessel, the divisions of which correspond to inches 
and ^th inches, marked in proportion to the area of the 
gauge, which should always be either 5 or 8 inches in dia- 
meter. 

For example. — The gauge is 8 inches in diameter. 

The area of the opening, therefore, is Hp^ or <5® X 0 • 7854 ; 
= 16x3 -1416 = 50 '2656 sq. inches; one inch of rain- 
water on 60 square inches of the horizontal surface gives 50 
cubic inches of water = 29 ’ 08 fluid ounces. 

Therefore, place 29 • 08 fluid ounces of water into the glass 
measure and mark off the level of the surface of the water. 
This mark represents one inch of rain in that particular 
8-mch gauge. The height marked off is then sub-divided 
into jkth of an inch, etc. 

The measuring glass must be held quite level when taking 
readings. Readings are best taken at 9 a. m. The gauge 
should be overhauled occasionally to see if there is any sign 
of leakage or damage. 

The amount of rain which falls varies very much, of 
course, with the place. In England and Wales the average 
rainfall is 33.76 inches ; in Scotland 46.56 ; in Ireland 38*54. 


78 
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Other things being equal, most rain falls in hot climates, 
for there the vaporisation is most abundant. The rainfall 
decreases, in fact, from the equator to the poles. So also 
the quantity varies with the season. In Paris, in winter, it 
is 4.2 inches, in summer 6.3. 

The heaviest annual rainfall of any place is on the Khasi 
Hills in Bengal, where it is 600 inches. 

The rainfall diminishes with the height of a station above 
the sea-level at the rate of 3 or 4 per cent, for each 100 feet 
above the sea-level. 

An inch of rain on a square yard of surface = 4-67 gallons, 
or 22G22 gallons per acre or 10 tons. 



SVNSHXJsrB-EECOEDER 
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Sunshine — To keep records of tlie daily amounts of 
sunshine, Campbell-Stokes sunshine recorder is the one most 
frequently used. The instrument consists of a large spherical 
lens, mounted on a stand, which concentrates the rays of the 
sun on a graduated strip of mill-board fixed in the frame at 
the proper focal distance. When the sun shines, a charred line 
is burnt in the mill-board which ceases when the sun is hidden 
by the clouds. The number of hours corresponding to the 
charred portion can be easily ascertained. The result is 
usually expressed as a percentage of the possible sunshine 
i.e., if the sun is above the horizon for 10 hours and the record 
is for 2 hours onty, the sunshine equals 20 per cent, of the 
possible amount. 


APPENDIX. 

THE METRIC SYSTEM OP WEIGHTS AND- MEASURES. 

The initial unit of the Metric System is the metre, or unit of length, 
which was intended to represent one ten-millionth part of the earth’s 
quadrant, or one forty-millionth part of the circumference of the earth 
around the poles. In reality the British standard metre i8_ the distance 
at a temperature of 0°C., between two fine lines on a bar of iridio -platinum 
in the possession of the Board of Trade. The multiples and 
sub-divisions of this and all the other units are obtained by the use of 
decimals, and for this reason the system is also known as the decimal system. 
The multiple's are designated by the Greek prefixes, deha^lQ; 
/iecto=l(IO 5 /«7o= 1,000 ; w.ym=l0,it00. .For the snb-divisiohs, Latin 
prefixes are employed; deri=r-l /lO ; centi^l /lOO ; milli 1/1,000. Thus 
for measures of length wo have the expressions given in the following 
table, whicdi also shows the abbreviations employed, and the equivalents 


in the Imperial atiuulards of measurements : — 
1 Myriamotre Mym. = 10000 .0 M. 

_ 

6.2137 miles. 

1 KiIon)efcre 

Km. 

= 1000.0 M. 

= 

0,6214 mile. 

1 Hectometre 

Hm. 

=- 100.0 M. 

= 

109.361 yards. 

I Dekametre 

Dkm. 

= 10.0 M. 

= 

32.8084 feet. 

1 Ildre 

M. 

== 1 .0 M. 


39.3701 inches. 

1 Decimetre 

dm. 

= 0.1 M. 

= 

3.937 „ 

1 Centimetre 

cm. 

= 0.01 M. 


0.3937 inch. 

1 Millimetre 

mm. 

= 0.001 M. 


0.0394 „ 

1 Micron 

u. 

=0.000001 M. 

= 

0.000039 „ 


The unit of mass in the metric system is the Gramme, This was 
derived from the metre, and represented the weight of one cubic cen- 
timetre of water, or the quantity of distilled water, at its maximum 
density, {39.28®P), which would fill the cube of one-hundredth part 
of a metre. It is now officially defined as the one-thousand part of 
the cylindrical iridio-platinnm standard kilogram weight in the possession 
of the Board of Trade. The relative value of the gramme, together with 
its multiples and sub-divisions, as compared with the Imperial standards 
of weight, may be seen from the following table : — 


1 Myriagram 

Mygm. 


10000.0 Gm. = 22.0461 pounds. 

1 Kilogram 

Kgm. 

== 

1000.0 Gm. =2.2046 

1 Hectogram 

Hgm, 


100.0 Gm. =3.6274 ounces. 

avoir. 

1 Dekagram 

Dkgm, 


10.0 Gm. =154.3236 grains. 

I Gramme 

Gm. 

= 

1.0 Gm. = 15.4324 „ 

1 Decigram 

dgm. 

=: 

0.1 Gm. = 1.5432 „ 

1 Centigram 

cgm. 


0.01 Gm. = 0.1643 grain. 

1 Miligram 

ragm. 


0.001 Gm. = 0.0154 „ 

From the unit of 

mass (the gramme) is derived the unit of the measure 


of capacity, or Litre. It is represented by the cajiacity at 0°C. of a cylind- 
rical brass measure in the possession of the Board of Trade. This 
Litre measure at 0°C. has a capacity corresponding to the volume at 
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4°0. of a kilogram of distilled water, the weighing being made in air btit 
reduced by calculation to a vacuum. The multiples and sub-divisions 
of the Litre, with their equivalents in Imperial fluid measure are : — 


1 Myrialitre 

Myl. 


10000.0 

L. = 

2199 . 76 Imperial gallons. 

1 Kilolitre 

Kl. 

= 

1000.0 

L. = 

219.976 „ 

» 

1 Hectolitre 

HI. 


100.0 

L. = 

21.9976 „ 

,, 

1 Dekalitre 

Did. 


10.0 

L. = 

2.1998 „ 

35.196 Imperial 
ounces. 

,, 

1 Litre 

L. 

= 

1.0 

L. = 

fluid 

1 Decilitre 

dl. 


0.1 

L. = 

3.6196 „ 

0.362 Imperial 
ounce. 

fluid 

1 Centilitre 

cl. 


0.01 

L. = 

1 Millilitre (Mil) ml. 

= 

0.001 

L. = 

0.0352 „ 

1 .689 Imperial 

„ 

1 Decimil 

dml. 


0.0001 

L. 

minims 

1 C?entimil 

cml. 


0.00001 

L. = 

0.169 Imperial 

minim. 


For all ordinary purposes of calculation, the cubic centimetre may be 
taken as ecjuivalont to the millilitre, the exact relation being as 1 : 0.99984. 
These, which arci the smallest measures of capacity commonly used, are too 
large for expressing conveniently the smallest do.ses prescribed. The 
Board of Trade, therefore, has authorised the use of the terra Mil for the 
millilitre, and has further authorised two sub-divisions of this measure, the 
Decimil and Cciiitimil. Thus tlie objection, urged by .some, that the metrio 
system has no measures suibablc for iweseribing and disi)ensing purposes,* 
is obviated. Glass measures with these graduations can now be obtained. 

For a comparison of the values of some of the more frequently employed 
expressions of the two sysitems, the following may be found convenient for 
reference : — 

Length — 

1 mm. (millimetre) =1/25 of an inch. 

1 cm. (centimetre) =2/5 of an inch. 

1 inch=26 A millimetres or 2| centimetres. 

Mass — 

1 mgm. (milligram)=0. 01543 grain (or approx. 1/64 grain). 

1 gm. (gramme) =16. 4323 grains. 

1 kgm. (“ kilo ” or kilogram) = 21b. 3J oz. avoirdupois. 

1 pound avoirdupois =453. 592 grammes. 

1 ounce avoirdupois =28. 35 grammes. 

1 grain=0.0648 gramme or 64.8 milligrams. 

Capacity — 

1 centimil=0.17 minims (approx.) Imperial measure. 

1 decimil=1.7 minims (approx.) Imperial measure. 

1 c. c. (cubic centimetre) (or 1 mil)=16.9 minims. Imperial measure. 

1 L. (Utre)=35.196 fluid ounces (35 fl. oz., 1 fl. dr., 34 min.), Imperial 
measure. 

1 fl. oun<^, Imperial measure=28.42 cubic centimetres. 

1 pint. Imperial measure =668. 34 cubic centimetres. 

1 gallon. Imperial measure =4 .546 litres, or 10 lb. avoirdupois of pure 
water at 62“F., and under an atmospheric pressure of 30 inches of 
mercury. 
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FACTORS FOR CONVERTING FROM ONE 
THE OTHER. 

SCALE 

TO 

convert grammes into grains 

X 

15.48 

„ „ „ ounces, avoirdupois 

X 

0.03527 

„ kilograms into pounds 

X 

2.2046 

„ grains into grammes 

X 

0.0648 

avoirdupois ounces into grammes 

X 

28.35 

troy ounces into grammes 

X 

31.104 

„ cubic centimetres into fluid ounces, Imperial . 

X 

0 .0352 

„ litres into fluid ounces, Imperial 

X 

35.2 

„ fluid ounces into cubic centimetres 

X 

28.42 

„ pints into litres 

X 

0.568 

metres into inches 

X 

39.37 

„ inches into metres 

X 

0.0254 


THERMOMETERS. 

Fahrenheit, Centigrade and Reaumur. 

This table shows the relationship between these three thermometrio 
scales at certain temj)eraturea. 


F. 

0. 

R. 

212 

100 

80 

200 

93.3 

74.7 

ISO 

66.6 

52.4 

112 

44.4 

35.6 

no 

43.3 

34.7 

108 

42.2 

33.8 

106 

41.1 

32.9 

105 

40.6 

32.4 

104 

40 

32 

103 

39.4 

31.6 

102 

28.9 

31.1 

101.5 

38.6 

30.9 

101 

38.3 

30.7 

F» 

0. 

R. 

100.6 

38.1 

30.4 

100 

37.8 

30.2 

99.5 

37.5 

30 

99 

37.2 

29.8 

98.4 Body 

36.9 

29.6 

temperature 


98 

36.7 

29.3 

97.5 

36.4 

29.1 

97 

36.1 

28.9 

96.5 

35.8 

28.7 

96 

35.6 

28.4 

95.5 

36.3 

28.2 


F. 

C. 

R. 

96 

35 

28 

04 

34.4 

27.6 

92 

33.3 

26.7 

90 

32.2 

26.8 

88 

31.1 

24.9 

86 

30 

24 

84 

28.9 

23.1 

82 

27.8 

22.2 

80 

26.7 

21.3 

78 

26.6 

20.4 

76 

24.4 

19.6 

74 

23.3 

18.7 

72 

22.2 

17.8 

F. 

C. 

R. 

70 

21.1 

16.9 

68 

20 

16 

66 

18.9 

15.1 

64 

17.8 

14.2 

62 

16.7 

13.3 

60 

15.6 

12.4 

68 

14.4 

11.6 

66 

13. *§ 

10.7 

54 

12.2 

9.8 

52 

11.1 

8.9 

32 

0 

0 
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Square or Land Measure. 


144 sq. inches 


one sq. foot. 

9 „ feet 


„ ,, yard. 

30i „ yards 


„ rod, pole or perch 

16 rods 

== 

„ chain. 

40 „ 


„ rood. 

4 roods 


,, acre. 

Avoirdupois Weight, 


16 drachms 

= 

one ounce. 

16 ounces 


„ pound. 

14 pounds * 

= 

„ stone. 

28 » 


„ quarter. 

4 quarters 

= 

„ hundredweight. 

20 hundredweight 


„ ton. 

Circular Measure. 


Diameter of a circle 

X 3.1416 

= Circumference. 

„ squared 

X .7854 

= area of circle. 


X 3.1416 

= surface of sphere. 

„ cubed 

X .5236 

Wafer. 

solidity of sphere. 

20 ounces 

= 

one pint. 

One cubic inch 


.0361 lb. ==.58 oz. 

„ gallon 

= 

10 lbs. 

„ cubic foot 

= 

6.23 gallons. 

35 .943 C. feet. 

= 

one ton. 

Rough Comparisons. 


10 centimetres 


4 inches. 

1 litre 

= 

1| pints. 

1 kilogram 

= 

2i lbs. 

1,000 kilograms 

= 

1 ton. 

1 square metre 

= 

10 sq. feet. 

8 kilometres 

= 

5 miles. 
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APPEKDIX A. 

Eistkibution op Vitamins in Foodstuffs. 

In this table 0 signifios that the vitamin has been tested for and not 
found, -f- t^iat the material contains the vitamin, ++ that it is a 
good source of the vitamin and d — [-+ that it is a rich source of the 
vitamin. The values entered under the heading vitamin B refer to the 
complex ‘ water-soluble B’, entries being made under vitamins Bi and B 2 
when these have been separately estimated. {Medical Research Gouncil 
1932.) 


FiMidstuffK. 

A 

D 

1 B 

! Bl 

B2 

1 B 

( c 

Oils and fats. — 

Cotton-seed 
hardened . . 

0 


+ 





Itiustard-sced oil . . 



0 



6 

6 

Olivo oil 

Oto + 

Oto -h 
Oto -P 

+ 



0 

0 

I’alm oil 


+ + 





Pea-nut oil (Araehis 
oil) 

-f “h 
Oto -{- 

0 

+ 



0 

0 

Soy-bean oil 

0 to + 







Wliale oil . . 

-f- to 







Wheat {'(-■rni oil 

+ 


-I- + + 





OUee (rndiaii Butter 
fat) 

Oto -b 


(very 

rich) 





liiitlerl'at .. 


+ -1- 

-I- -h 




(j 

I,ard 

0 to + 

0 





0 

aiiiniul. . 

Oto + 

Oto h 






„ vegetable 

Mutton fat 

0 





0 

6 

-h 


+ 



0 

0 

Beef fat 


+ 




0 


Almond Oil 

0 


6 





Cocoa butter 

0 

Oto -h 

0 





Coco-nut oil 

0 to -f- 


-F 



6 

0 

Cotton-seed oil 


+ 

+ 



0 

0 

Fish-body oils. — 

(!od 

d- 






Salmon 

-i- to 







Sardine 

-b -1- 
0 





.. 


Fish-liver oils. — 

Cod 

-1- -1- + 

+ H- + 

Oto + 





Halibut . . 

+ + + 







Cereals.-— 

Barley, husked 




+ 4- 



0 

Bread, wheateii, 
white, milk 

+ 






oto -1- 

Maize, white, whole 
grain 

0 

■■ 


-f- + 

-1- 


0 

Bice, bran . . 




+ -1- 



0 

„ embryo 







0 

„ parboiled, 
whole 


.. 


+ + ' 




,, parboiled, 
polished . . 




-f- + 




Wheat, embryo 



+ + -f- 

+ + -(- 

+ ■ + 


'6 

,, flour, whole 
meal 

Oto -1- 



+ 

+ 


0 

Beaus, liarieot 




+ + 



0 

,, mung. 

+ 





+ + 


Beiitils 

+ 



+ + 


4- + 

just + 

Peas, green 

+ + 





+ + 

+ -F + 

Soy beailB . . 

-1- 


+ 

+ 

+ 

+ 

0 

Nut.s.— ■ 

Almond 

H- 



+ 


+ 


Chestnut . . 




+ 


+ 


Co CO -nut . . 

+ 





+ 


Walnut, black 






+ 


Vegetables. — 

Beet, root . . 

Oto + 





i + 

+ 

Cabbage, cooked . . 

-I- 






4' 

Carrot, cooked 






1 + 

1 + 

Cauliflower, cooked,, 







i + -F 
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A 

D 

E 

B1 

1 B2 

1 B 

1 c ■ 

Vt'artaijk’.s— 








(VliTy.lciii, iitiMiii .. 

'h 4“ 








0 to + 









.. 

d- + d- 

-P d- 

d- 


+ d- d- 

Onion 

0 to 4* 



d- 

-P 


-P to 







-P -P 

Potato, cooked 

+ 






-P to 

„ raw 

-1- 



d- -P 

-P 


-P+to 







d- d- -p 

„ peel 




-P -P 




lladlsh 

Oto -P 





+ 

-p d- 

Spinach, cooked , . 

+ + 



+ - 

-P d- 


-P to 

„ raw 

-1- -{- 

Oto -p 


-P 

d- d- 


-p -P 0 








to 4“ 

Fniits. — 







-p d- 

Apide 

■ -f 



d- 

-P 

d- 

d- to 








Apricot 

4" to 

low 





0 to -f 


d- d- 

+ 

+ 


-P -P 









Breadfruit . . 

+ + 





■P 


CUhtai'd aiiplo 

0 







Date 

4- 



+ 




I'iH 

timjK' 

+ 







+ 






very low 

„ fruit 







d- -P -P 

„ juice .. 

+ 






-P d- d- 

Uunou 

+ 





+ 

-P + d- 

juieo 

d- 





-P 

d- d- d- 

Jiimo 

II 






d- -P 

„ juice . . 

0 





.. 

d- -P 

Jlaiwi, tlijc 

-I- -1- 



.. 



-p -p to 

d- H- + 





d- d- 

+ 

d- 


juice 

+ 


+ 



d- 

d- + d- 

IVar 







-P 

Pineapple . . 
Strawberry , / 

-^1 -i- 



:: 


-P 

-P -P 
-P to 

Toiiiato, ripe 

Meat and Uisli, — 

+ 4. 



i + 

-P 

-P d- 

■P + + 
-P -P -P 

Bacon 

0 to + 







Beef 

riuh, fat, n^u!^ell^ . . 

+ 

+ 

-(- 4“ 

-p’d- 

+ ’ + 


0 to’ + 

,, roc 

JSiim 

(1 to -t- 



+ 

+ 

+ 



Mutton 


!! -i 


+ d- 

-P -p 


Oto -p 

()y.ttor,i 

-p -f- 

d- 4- 





+ 

Pork 

Ekss,— 

Oto + 



-P'd- 

-P' + 


Oto -P 

Hen 

-P + 

-p -p 


+ 

-P to 



„ yolk 
„ white 

Miik and milk Pro- 

+ + 

0 

■P d- -p 
0 

d- + 

-P -P 

d- -p 
-P 

-P + 


0 

0 

duels.— 

(’ream 

d- to 
■p d* 

-P 




-P d- 

0 to d- 

Buttermilk 
(dieesi!, Cheddar . . 


i ;; 


.. 

0 


+ 

0 to -p 

CoWV milk, fresh . , 

i V * 

j Oto -1- 

4“ 

i 4- 

■p 

d- + 


+ 

Cmv’s milk, con- 

(varies) 

1 (varies) 

(varies) 





densed 

(varies) 







(!(jw’h milk, dried . . 

+ d- 

Oto 

4" 



d- -P 

Oto -P 

(‘‘i >w’w milk, pasieii- 

( varies) 

+ d- 
(varies) 

(varies) 




rized 

d- 







Cow’s milk, steri- 

(varies) 





d- 

+ 

lized 

Oo.at’smilk .J 

-P . . 

(varies) 





, d- 

Oto -P 

iftiiimii milk ..l 


1 0 to -1- 



+ 

-P 

-j-. 

0 to d- 




( 


fir 
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